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LCATER is a computer program usedto simulate projectile tracking radar estimation of

weapon locations from real a simulated-projectile riackink-data. A complete mathematical

descripti-on of the modified- poifitinass trajectory nod~ling-, rada ranidom ,errors, wifid-

refraction, inultipath and-the maximumn likelihood estimator is included; Detailed-user

ihtitudtions - amp'les Are coVered. -A:-n progranrner Is -gide to, inodiication 6t the 7000 line

JprRN~pr~oram is -Included.
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1.3 SUMARY

LOCATER* is a computer program designed to simulate a projectile tracking radar (PTR) and

to estimate weapon locations from real or simulated projectile tracking data. This 7000 line

FORTRAN program was developed as a tool in support of the Army/DARPA ILS program to investigate

the application of new technology to the problem of locating artillery. Over~a 3 year period

this program was used to investigate a broad class of problems concerning projectile A

tracking radar performance. It is organized in a modular way so that it can be easily under-

stood, used and modified by any, analyst or programmer. It is reasonably efficient - but

like any detailed simulation it can only be used to perform specific analysis and gain insight -

not to simulate an entire battle scenario.

LOCATER simulates a projectile trajectory using a modified point mass dynamic model which

includes effects of drag and projectile spin. A projectile tracking radar measures this

trajectory with associated random errors in range, azimuth, elevation and doppler which are

statistically modeled as independent bias, jitter and thermal noise errors. The environment

is modeled with wind and air density affecting the trajectory and refraction and multipath

affecting the radar measurements. The location estimator takes these simulated errored

measurements (or real radar measurements) and makes an estimate of the most likely launch

location for the weapon. The estimator also uses a statistical model of radar errors and can

estimator is very flexible a.lowing any subset of measurement dimensions (e.g., azimuth,

elevation) to be used in estimating any subset of states (e.g., excluding drag and spin).

When real data is processed this feature plus the ability to automatically edit out bad
points (e.g., > 2a) gives good performance even with poor data. When simulating a radar, a

number of independent simulations are run for a given trajectory (i.e., different errors) and

the statistical performance is summarized (i.e., weapon location CEP).

Over the three years of using LOCATER in the HOWLS project it has been applied to a wide I
variety of problems: Performance evaluation of various proposed PTR concepts, development of

an- improved Upleg/Downleg weapon location algorithm, validation of algorithm performance by

processing real data, simulation of multiple radar tracking nets, evaluation of performance

degradation due to projectile RCS variation with aspect and multipath errors, and the

-I *The name LOCATER suggests the program's function as is thie achronym "Location Of Counterfire
Artillery Through Trajectory Fstimation by Radar".
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p~rformatce of -a- radar without elevation. measuremnts-, uim e. orfIr.ii operation In four

rcae~ae intiiuded with all inpiit ad'output~

Bloth the -input and output is organized in -a modul ar way thiit makes thei r opuratxon easy to

learn and use Input pariaeteifs are specified in up to 16 Tfree- form data- plilzkets. Typically

oly & few Of-' these arc- required. For example, only four aire needed to process -real data.

Iniptt of real data is flekible-withi runi time formats alluvring input from cards or tape units.J

In operation, milti1ple -runs are usuailly maide so that the only packets with-pirameteks that

chiange need to-be r6-specified - other values remain in effect imaking parameter chaniging

easy withi only a few cards.

tie output -is organized into 9 independent (optional) sections:

1, Listing of input card 's

2 Nominal projectile trajectory generated
3 Estimator states aftbr each iteration till convergence

4 Track file-measuriemnents -withi-edtitinig notes
S State covariance matrix and correlation coefficients
6 listimalted laich conditions (e.g., velocity, QlI, etc.)

7Track re~idlual errors

-8' Siate -estiitition, param~eters (egdrag and spin)41

9. Laich point location errors-

.Plots of residual errors -(7) and launich point errors (9) are done by separate programs using

Tfiles prepared by OIff1iR.

A complete mathematical description of all modeling and- thle maximum likelihood estimator

is 'icuLd to bridge the gap between theor'y~ and the implementation in LOCATER. The

mauximuma likelihood equations are solved iteratively with a technique that requires only In

approximate initial estimate. The number of states to be estimated is selectable- (uisually 6

to 8) but thle- state vector is e.q~andable up) to 17 states. A numieric -transition matrix is-

u~ed thus;,permitting easier chanigeC to thie equations of linotiori.

Program modification is facilitated by a mathemilatical description whichl includes thle

identification -of certain key program variables. Tyrpical program modifications are illustrated

as a guide to programmers chianging dimensions of arrays for radar measurements and meteorological

conditions, adding data packets for -input parameters, and modifying thle equations of Motion.
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the Fail of 1976 aaM resulted lIn that I-iting of ?,00t lino0s 0r~ lMRWN'C i%1dk bacame Opqrn-

tlinaI in .aaxeiry 197?, Thls progrzimt Villed IIXA1MR. wits written for the (MX 6600 camputer anid

uses 66 K declifal wird.* of- stkt , Il. Th pivgrnnias designod to be flavbie ,und uses nt osily

v~lied uriular ceitruiction. Inputt to th1eP-V?,A~ is in thk. folin or data packets subuviitted

i, batc~h. Xitput is peparI In the hon of a wuaber of output S1-CrI~\s eachl Indepelidenit of

one another. Internally, a generalized stato vector strutcture is, useud "uhich Is ensily moudified

ankd aniti'za L integration is used to keep the suitte vactor extrapolation transparent to the

pairticular syslim mdel Weing used. Continued evolution of ril q-r.g~ sepctda ti
ntow it it fon which is easily innintainable. As new iNoificaitioas are added to Or., programi,
futtiro ver-sions of the pogranm dil, b, docaittnted in addenda to be attached to Oil,- Nctical

wits written to k operated on the Lincoln C1X-660() cu.-puter-, howiever, the Mfl-l'AN~ coventions used

nwriting thsprogran were chosen to mnake conversion Tor utse on IlVSt-570 equipmntt vary

straightforwar-d.

Thc purposeo of this report is to ftuniiiarize potential users of the MCATER program with

its fietures anid capaibilities. For those iho, are already users of the programn it serves as, a

reference guide -for both the prepa~ration of input and the interpretation or output. F'or those

j b1io wish to maqke softigive mondifications, it servs as at systemt descriptin aid progranining guide.

Thea basic ftitiction of the program Is to locia hostile wevapons froi -radar tracking data on the

fired projectile. Thea purpose of the programn is to serve as a general purp~ose unatlytic tool foi,

investigating the effects on weapon lation accuracy of radar system paramneters, trajectory

modeling anid estimation algorithmns, and envir-ontmntl effects such as wind, tr-opospheric

refraction, and mltipath. Thie program is designed to prov'ido analysis of these effects by

anallytic mnodeling, statistical inudeling, and througeh analysis of real data. lia pregrnul Is

designed to be tvefutl in a wide variety of analyses of sensors designed to mneasur-e tactical

ballistic projectiles. Ilie programt is designed to be Runc tiona!1y u.sefful in a research

and developmient envionent. It 'Is user nriented,- modular, and easily nmified. it's designed

to perate efficicntly in a1 hZitch environment with graphics being pr-ovided by separate

spccial-pi-pose plotting programis. A coviplete description of the progran capabilities anid

-features can be fbinid in Sectici 3.



'fluas report contains a comiplete description of the operation and use of version 2.0 of

Eltile- LOGO lR.program. Version 2. 0 of LCII'lR uas achiievolJ in March 1978., As with any R&iD

-analysis tool, continued change is to be expected, It is planned to describe any subsequent

revisions to the program in addenda to this 1report.

A complete description of program Capabilities and features is included in Section 3. Ib1is j4
includes in formation a potential usf.r wo~uld need to Wnow to deteniline if the program~ hould solve

his particular problem, and furthelirore, tile kind of infoiwnation n",ded to dete-rnie if the progrm

would be usable with a given set of comnputer equipnxit. AppLication ol the- progralm to particular

projectile tracking p~roblemas is covered in Secti.,n 4. 'lihest ap~plications are illust.ated concretely

by the examples of program operation inClUded in Sectioni 7. Additional potential applications of

the programn are also included. A complete description or the ikathematical backgreux.d for tile4program is included in Section S. 'Me mathematical Lbosis in thkory of operation used in die
LCOVIER program cani be found in Reference 1. Diouever, thle actual intplementation in the L)C~rl:R

program differs in several important details; namely, tho inclusion of -q more general dynamizti

model for the projectile ufiich includes induced ding and mqguuF act-clohr.tion anid the use of

numerical transition matrices. Thlese are covered in Secticei S. A gL-neral uisers' guide and

reference is contained in Section 6 which includes a Jeszription )C the preparation of the

input data packets as well as a complete des'criptiwl and ini.21rpretation of each olutpitt section.

Four complete demonstration exalq~les oi program operitlon rie include-d in Section 7. lliese

are designed to illustrate the wide variety of apphcienn! of this programn. rinally, Section S

pr'ovides a guide to progrmers for understanding tile internaJ program operation inji for nak ing

potential modifications to thle program.

Thiis report does not cover the result.; of eiiv of the projectile tracking zia!i.es perfoinied

as part of the 1101%1.S program. Ile use and effectiveness ot various projectile tracKinv radar

concepts aid projectile tracking algoritilas is L.overeJ in other Tactical Technology reports

CMN977-15 andIT-23).
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3.0 PROGRMI CAPABILITIES

This .sectlon is directed at the potential user or person who wishes to get Mn overview of

what this programwill do., We will start by, giving:a very brief -description of the way in,which

tle progrzi operates. Next, we will describe the program capabilities for modeling the projectile

trajectory of the radar in the environment. lhe parameters considered in the trajectory

estimation process will then be described and finally same program features will be described.

.5.1 Progrma Operation

Ilie LOCATR program was designed to bout simulate pitjectile tracking radar operation and

reduce experimental recorded radar, data producing a launch point estimate. Thie major operating

modes for the LOCArIiR progra are depicted schematically in Figure 3-1. When in the radar

simulation mode, an internal trajectory generator produces the position and velocity measurements

for the modeled trajectory. A radar noise generator then adds random radar measurement errors

dhich model the error statistics of the particular radar being simulated. '11ese simulated

trajectory measurements are then piocessed through the maximum likelihood weapon location

algoritilm and the predicted latunch point is collected for output. 'his process is repeated

many times i Monte Carlo simulations of radar operation. 'The collected latuch points are

-then statisrically processed to determine the expected CiP.

When experimental recorded radar data is to be processed, the internal trajectory generator

is not needed. The data is entered directly through a simple coordinate transfoniiation, and of

course no radar noise needs be added to the real measurements, and it is processed dirtictly by

the maximum likelihood weapon location algorithm, the output being the latudi point prediction

as well as other statistical quatities such asazimuth of fire, Qni, etc. If many similar

trajectories are to be processed, and the true launch point is known, an experimental CP can

also be generated.

With the program structure shown, it is possible to use an externally generated trajectory

in place of the internal trajc.tory generator for, use in the simulation mode. Such detailed

trajectory modeling programs as the Ballistic Researci Labs' 6-degree-of-freedom model or the

modified point mass model can easily be employed. Here again the radar noise generator is used 41

to add simulated radar measurement noise to the interrored trajeLtory measurements. 'lihe coordinate

transformation is generally required to convert from the modeling coordinate system centered at

-the launch point to the mrnsurement coordinate system centered at the radar.

6
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flbe IWX'A'lR pwral is exreme)ly moduiklar giy'1ng it at fie.\Ii 1 it) to operate In any eombinla

tion of modes tha.t III Im1plemted. I'oI' cxatple, It Is possible to tAk experimetally, rodl

radar dlata anid add addi tiolial radar noiset to it. 1', liiht 110 done1, ior examlple, to model a

projoctilo tracding radar of low precision with experimentally rccordied metric measurements from s

at high precision tracking radar.

2Weapon Axolink,

Of' course tile model ing of' weaponl projectile Characteristics applies only to trajectories

generated by thle internal trajoctory generator, It Is possible to specify-up to S weapons

anld/ot trajectories to be modeled ait once. Eiach wealponl is located In at local 11DN coorinlate

system 1Includling its elevation above sea lovo! . Ilime initial cunditiows for thle trajectory are

specified In terts of' thle azimuth of firo, thle Q11 and the ini1tial velocity of' tile projectile

ait thle time of la11nc10. 'the0 Irojectlic Characteristics Idlich are mo1daled iIeotile diluleter,

mass, anid drag curve to be use.l with thu projectile, A spin constanit is also speJ fiod which

deterin"ies lf acceleration idother minor accelerations dpnotuntieprojOCtile

spin. In addition to these factors, tile eftects of gravity, Coriol is force, windlk and dlensity

v'ariations aire also included Ii thle ballistic trajectory calcuilationis. Ihec radar cross sect !il

of thle prIojectile can be either specified its at conlstanlt or it Canl be mode(1led as a table of radar

cross section values as at function of aspect anigle where aspect. angle is defined ats thr( angle

betwen tile projectile velocity vector anid at line fropi thle projecti le t~o thle Observing radar.

lIn simulation rkuls , it Is possible to sped ty a% drag and splin tuncrtainty so that thle and

spin factors call be varied over at range to simulate thle lulcerItama ty InI these characteristic; Oil

a rotund-to-round basis. Wien external trajectories are kised lit place of thet tInternally generamted

ones, it Is often necessary to Convert thle Coordinates produced by thle external trajectory

generator into those that correspond to the(. actual location of the observinag radar. To do t1hs

at special feature hams been added that allows thle originl of thle Irajectory to be sped fled ill

turius of Its 11,0 Coordinate locat.0 ion ad elevationm atw,. - sea1 level . lthis Coordinate tranisfoinda lonl

is usually not required for experimentall recordled radair dtai becallse that datalI" Lh sully) made

available inI radar measuremtent, coordinates of range, atimuth, elevationm, and (101)1)er.

3.3 Hadar Model lug

Up) to S radars may b)e modeled ait. one time lin tile progm'ai. E~ach ol these radars may track

anly or all of thle weaponls specified above. Ilic t racking interval for each radar weapon pair can '

be Specified Inl terms of altitude, time, or inl tenms of elevation angle to determilne the tracL

8 *



segmlent' for a particular radar. most o ften~ one specifics tile olevation coverage of thle radar

and lets trackingq, take place automatically. Ior multi-scusor tracking, thle meausuremencits will

be converted to the coordinates of tile b~ase radar and tile radar covarlancq Matrix will likewise 1)0

thle measurinents to produce thle most liely lthunch point. 1'lis capability Call be used to invos-

tigate the geoiltric sensitivity to various multi -sensor tracking configurations. Ilie 16catlonl
of cacti radar Is speci fied. In the UI'! coordinate system along withl thle altitude. '111 type of

radar modeled is a tracking radar wilch meaesures range, lizillutth, cdevetion, dtoppler, and

signal-to-nolse raio Phased artily radar aingle measurements are inot presently' [led in the,

programn. rFor each of tile measuremient. dimensions except thle sl~gnatto-noisc ratio, the ust-r

can, specify anl error model composed of a bias, at statistically Independent jitter error whichl

does not vary with signal -to-noise ratio or range, and at statistically independent therital error

which does depend upon signal -to -noise ratio and hence range of the radar to tile target, The

sensitivity of tile radarl is also speiE-i d so that signail-to-noi1se ratio Iluy be sinallted as it

ftunction of range and radar cross section. Mhen Monte Carlo simulations are rtut, at randii

atwiber generator is used to supply ntunhers selected fromarall It probZI 11)tabilitry distrib)utionl.

Moese ntunbers are then scaledt by) thle sigmnas speci fied for lias, jitter, mid theivil siguias. In

computing the thermial error thle range is used to compute thle signal 'to-noise ratio mind its 5sq1are

root then is used to divide thle specified thermal sigmas. 'Ilie signal-to-noise rai is Catx~

froml thle sensitivity, the range, and the radar cross section. If at radar cross section aspect

angle table is provided, thenl radar cross section Is recompuitedI at each point based onl the

computed aspect angie for the target.

Ani importanit feature of the programi is tho ability to model ainy subset of measutrement

dimensions; for example, at radar was modeled ich mecasuredl only range, azlimuth, mi~d doppler

or at sensor could be modeled whtich mnade only angleC m1easuremenclts. 11hen1 any of tile three posi tdon

measuring dimensions is missing, it is often possible to use thle geoetric diversity of thle

trajectory to infer the missing positional infonnation.

During thle trajectory estimation calculation, tile maxin likelihood algoritlun uses thle

radar error sigmnas specified in thle radar model. It is, however, possible to specify a different

radar model1 to be used fin the estliation process than in) the measuirvwent generation. Tis lmodel

is also used during the ,process lug ot recorded radar data. The radar model incltides pnovisions

for removing known hiases in range, azimuth, elevation, and doppler. in addition, at sp~tar

vultipath model is included for removing known multipath from the elevation measurement. BothV



biasecs and' the multipath canbe itln'lxe -in, the, estbiihtion process dismissed -in Section 35

3A- Eiviroiviientiff- Modeling

-'!io atosperc.-ode i ued-boh 4 te qnratonof trajectories, for .sinulation and in

ari asae tton-i de nsit wp ir atiptue 1. tird options a proyidedmeorlialmdl

codi dos Firedt iretstnaotion -ir c des sadaddnsity and, tempeprature pr pcfe a ucinofie

:qlittdq,. Iis sp~cif1lation is designod to mesh-.with the staidrd moterological reor~ting,

Thia propatgationi of -the radar signal cani be simulated to Ancludo effects of tropospheric

retraction, on the- ratigo-and -elovation mousurceats. Iiae effects of multipath errors, i the

dlevaiio mieasurement can, also-be simulated either by specifyIng at ftun~tional form- for the error

pr ,by -specifying a table -of- elevatiorl errors (see Section S. 4.4 for more detailed description

of. the multipath simulation~).

3.5 Trajectury flstiimation Process

Although the =tfCI1[ prograut is c6nfigurad'to hanudle several tracking algorithms, only' the

nuixiiiiai likelihood estimator is pr~esently imple~mented. 'Ilia operation of the ma.~imun 'likelihood'

estimator will be briefEly described using Figure 3-2.* For a more rigorous exposition of the,

theory, see Ref. 1. Radiir measurements are taken of a projectile trajectory as illustrated by

the dots on Figure 3-2. T1he state of thie prdjectile at each point along the trajectory is then

svrlparziietric states to be described below. The raidar measurements ato assembled into a

whih iclues ll f te tackpoints mieasured on a particu ar trajectory/. An initial

itestimate of the state vector is made by a simiple polyriomlal- regression on a few of these measure-

Amets. Tis initial state referred to as X;Is used to start the estimation process. This -state

vector is extrapolated by integrating tOie states to eachi of the measurem~ent tines in- the track
file. 'rhe state vector is then tranisformed into the measurement dirndit~ions and the difference -

is computed to determiine the residuial errors from eachi measurement. lThe~o errors are then used

to solve the ma.'dm likelihood equation for the lineaur portUrbti~wi aX 0Milch is the mo~st likely
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linear pe rtla.bationl to the initial state vector which would remove the residual errors. Next,

this perturbatiai is added to the initial state vector to create a ncwq state vector. e '4

Perturbation is tested to see if it is small enough to tenminate thelteration process. If it

is not, the corrected state vector is then used to start aiother iteration of the process as

illustrated in Pigure 3-2. A ly or all of the states may be tested for convergence. We have

generally tested only the position state md asked that the lerturbation be less than 1/2 meter.

In LOc\'IR, a total of 10 states art, modeled: 3 position, 3 velocity, and ,4 paramueters, one

of Wtich is a drag scale factor idhic is used to scale the drag obtained fron an intenally

stored drag table wich is a unuctit of Mach m tber. Secondly, a spin e-,nsta t is inclutded

which relates the spin derived accelerations principally lift for the projectile znd two states

which can be used to estimate wind in the east and north directions. lhe progrui has options to

suppress the estimation of anly subgroup of these states. for exalple, the wild states are

generally not estimated but are measured a prvi-I't values. Thle spin constant and the- drag may

not be estimated; for exaiple, if the radar masuremients are too poor to suport estimation f of

these additional parameters. During processing the manximumt likelihood estimator uses the

measureient eorrr statistics specified in the radar model in order to detennine the correct

, i-ightings of radar meicasurements. 'llie signal-to-noise ratio used for scaling the thermal error

varituce can use a natural signal-to-noise nmasurement in the case of real recorded data or it

can be generated based on the rnge and sensitivity of the radar for simulated trajectories.

For simulated trajectories, the radar model used for trajectory estimation may be different

titan that used to generate the radar meaesurments. The initialization of the state vector

canu be either fran a) the true target location, whlich speeds convergence in simulation cases,

b) the average value of the state vector, again in cases of Monte Carlo simulations dhere

paramueters are varied paramtrically such as drag, or c) through pol)pominal regi-ession of the radar

measurements. 'ltis would be used if the true position was not known for recorded radar

measurnents.

It is possible to incorrate a prioor infonnation known about the state of the trajectory.

For exanl)le, it maiy be possible to give a good estimate of the prob.ible projectile drag or spin

constats, or perhaps, test data is being reduced and you know the actual launch position very

accur'ately. These measurments may be specified along with the ticertainty associated witl the

measurements. These data are %ioghted with the ap)roprlate covariance and incolr)Oated ill

the 1mximumL likelihood estimation. One important diaracteristic of the IXI'Iul programl is the

ability to vary the nutber of states to be 'stimated. Ior exatiple, any of the ten states

12
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described above imy he deleted from u ghivei estimaion Thr exallplo, It may niot be desi4rablo

to estimate projectile Spin conlstmit because of p)oor qjuality of radair data. Wiaen a state is

dropped tho Inlittal Value ofT tile parametev Is kised thlroighouit the wiomptat 1on1

Several spca re~tkires havo beenl added to thle axir lik eli k1hood ostimator, 1,Irskt of

these, Is tile ability to estillite radar. Hases Ill ranige, .1-.111110, olevation alid dopplar. Th1IS

Is especially usefull 1\hen1 reducing data with coilsIderable geolnictrlc diversity such as a longF
P trajectory or data taken from mltiple radars. One must 1)0 aware, however, thait tit, technitque

Someitimes leads to indeterminate results. A siil ar capability has Well added withi regard to thlt

estimation of Inukltipai errors. A sipe ftinctilonal forin for elevat Ion multipath errors, desci ibed

fully' Inl Sectitm 5.4.4, Is used mid the three coefficients for this fuictional foin are Included

inl thle 11uia11 likelihood estimlatial so that mult ipath fro -1 Single sp.uar reflect ion Imay be

rulloved froml low angle trackig data.

Of partlilar value inl processing experimnta recorded radar data, is thle abil ity to
ueatically edit track points. Thiree optional methotds are includled for aiumatcedtn

of radar track points, FPirst Is the uLse Of a poly)11o1mial fit to thle measured datai Inl 0~10r to

pre-edit and delete measurtinents of more- thanl a certainl distance frml tile fitted polyonmian

This Is particularly helpAil inl removdng erronevous target associations, suchb as fromi aircraft,

from the track fil. 'lle second method is to spt a signal -to-noi1se threswhold belIOw wbich a

track point willI not be accepted. lbis, inl effect, simuilates a detectionl threshold, 1Ilia third

automatic cuiting redauIle ls to atllow tile 11Wilmula ~Mo& iloeu ";gortifull to Conveorge, thlen comlpuite

thle aveNgeAeghted Square residual error anld Standard deviationl for each mneasuremnt componen1t,

and rejc onswt arsda ro gre-ater than N'a where \1 is a factor sflfablig, lhis
last techiquiIte has been fokund usefuil inl removing points which r roeuieas fApoe

target centroids.

3.6 Proaram Foatures

111e LCCAITR programl is highly flexible inl teniq of thle outpuit that is produced, It Call

report as little Or as mu1tch of thc(, irnlat ion that tile user requires. -The outut is; organized
Into it series of report S13MfONS from I - 10, anyv of which may be prinlted or not) at usrOjpiOn.

1'or example, input cards may bc printed, or not, The gelierated trajectory foi- a simualat-ion miay

be printed. 1iostates of the maximumi likelihood estimaute call be printed at each fiterationl

desired to shlow convergenct. Thbe State covarlice miatrix and co-relat in coofficlioit. matrix

of the measured pixnts from thle fitted trajectory. 11he generated measulrements, together with the



radar weights, may be printed as part of each trajectory estimate, An estimate of launch

conditions aid residual statistics is presented which describes the estimated velocity, firing
-Skimuth and quadrant elevation (QU) for each trajectory processed. The maximum likelihood -

es':iiate of each of the parametric states is presented, such as the drag constant and spin

constant. The key output is the lw ch point estimation. This can be selected as being the

luatch point, the impact point or some internmediate intercept point. This would be useful,

fo)r example, with guided projectiles. For a group of trajectories, either real. or simulated,

t w projected xy launch points are plotted, the mean launch point is calculated and the CEP is
iq" -alculated. The major and mtinor axes of the error olipe are also calculated and plotted with

tthh launch points.
" Some oZ the key features which take the program particularly user-orie.ited are the simple,

defaulted input through the use of data packets which gives the user the ability to stack

" itiple runs- while only changing the parameters that change from run to run. The ease and

- iflexibllity ofspecif ing either cards or tape for external input data is also of interest.

In genei'a- great care has been taken to provide a great flexibility of options through using

a modulat program structure, it is possible to specify the various model parameters, completely

independently. Ilhe program operation has been planned in a logical way to allow almost complete

flexibility in the selection of the various options, for example, the ability to select va-ios

states to be estimated, to select the measurement dimensions of the radar, to use multiple
radars, to select various intercept conditions, and the ability to specify track segments with

great flexibility.

The program was designed so that the plotting software was separate fron the main LOCATER

Program. LOCATER prepares summary files for example, of the launch point estimations which can

then be processed by external plotting programs. All report sections for LOCATER are configured

for 8 1/2 x 11 paper so no photo reductions are required. Internally, the LOCATER program

is designed to be easily modified using a struc'tured modular construction. Examples of design

decisions made to facilitate future.modification are the variable dimonsions assigned to the

state vector, allowing for the incorporation of additional states, should they be required in
the future. Mother example is the use of a numerical transition mattx to perform the into-

gration of the state vector along tilo trajectory. "his feature allows the dynamic model for

the projectile to be changed with little impact on the rest of the program. These design

features have resulted from several iterations of program redesign and many hundreds of

computer hours of program execution.
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4.0 LcoklflR UlPLiCvrio~s

llecause orfo the Ovam progralils reit 4cl~ehi it)' there is an almoKst tint itlted lirnge

of potenitial application1. Perh,1aps tile best way to illustrate this rngie of alplication Is

to recotunt. till of thle applicatiolis of the progran to the I?3lILS projectile tracking radar ivs

tigationl. This section presents 0. mn~bor of selected applicationis of the WCA. MR prog1'aa, to

varioas 1K01l.S applicatictis. Iliese applicatiops tire selected to represent the rapqe of potential

LCOAER uppi icatt-ions. blit shoUld nlot be interpreted :I:F ropi'vsenitinig thle results or conclusioins

of the ILS p~rojectile tracking radar study.

41.1 II% ConceptSttkl~'
Ont, of the early appliit~ons of thle lNI~Q~l prgrat mi.; a petiamtric in1vostit'at ion of

variow, projectilo tracking radarl Concepts. III this Investigation %wr slo ralige, long ralnge

radarts, narr-1ow beltined or broad beamed, slow tracded ratte or rapid, phased array, or rotatinug

antenna systemts, single radar Or mul11tiple radarl sites. In short, as manyI) di fferent approaches

to solving the jprojectile tracking radar prolgramn as could be conjutred upl. Hiach of thle sever:0

canldidate sys-tems wenlt throu)tgh at preliminlary design Stuyv Ill which thle systeml parametors were

vitied anld a fir-St level op~t inization was perforiello withinl thle Constraints placed Oil each

Concept . I'he rusuilt %%:Is a series of radarl mrodels which wore used il LCQ1VI*1A\ s.mulatlonls.

inl order to fairly evaluate the various compet ingt system conicepts, at stanldard set of represoen-

tative targect tirajectories was preparedl. Hach of thle candidate systeims was simulated inl

M~onte Carlo mxde againist this rersnaieset of trajectories. Ilhat resulted wats a miatrix

of iwvaponl location acculracies for each candidate radlar against each weapon t zaje':tory. 1\'l ica I ly

20 Monte Carlo rtuns wore made for each radar target pair. Such wide, scale -, Initation el'fOrts

can takeC maniy hours; of Computer tinie. L.CCIlit, S ffi ciencvy hals beenl improved inl several arcias

so that its efficiency inl carrying out latrge scal minte Carlo simulation is very respectable.

It is poss;ible to estimate thle amolult of timei required for such sultosfairly accurately

(see Section 6.6 for mnethods o1' run-tineo estimation).

U. RCS Per fonnace Dcgi-mzaion

Inl conjunctionl with tile study of various PTh; concepts, it wais real ized that tiE v'ariat ionl

inl radar cross-sect ion (RCS) mirht have a s igni ficant effect onl radar perfonnance. 'llic

projectilIc's radar cross sectiont varies ats at fluct ion1 of tile aspect anlgle to thle viewing ra1dar.r

Tis aspect aingle is a function of thle Indarl to projiect ile target geometry, and inl genieral,

v'aric:s considerably over thle cOuriSe of a trajectory. 'Ihe0 proicct i Ics raldarl crosOs setionl izy
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vary many dB over tho cour'so of a- t)pical trajectory. iat then should be the radar cross

section value used to model a given, projectile t)pe? In answering -this question we addod the

capability foir simulating the actual radar cross section fluctuation its a function of aspect

angle. It was assumed- that tile projectile body mxis was stabilized and aligned with the velocity

vector. iUp aspect angle between the velocity vector and the line of sight to. the radar was

theln calculated and the result Ias used to look up the radar cross section from a table of

stored radar cross section values. 'lle number of different trajectory geometries were simulated

fo r different radar coverage ingles. 'lie results of these simulations were as accurate as could

be obtained using the full knowledge of radar cross section distribution for a particular

projectile.

In oxder to ex)edite the evaluation of the iadar system concepts it was desired to use

a iepresentative constant cross section in the simulation for each projectile type. It had %

been proposed to use a radar cross section equal to the median radar-cross section over the

rznge of ,speet"angla_ from 0 t6 60 degrees. It was reazioned that this represented a realistie -4

r1nge of probable viewing angles for typical iaidar engagement geometry. Aditional simulations

were then nu osing t1e6e constant cross sections uhlich were then compared with the-more detailed-

simulations described above. In all cases the detailed simulations gave slightly better weapon

location statistics thanl the constant cross section assumptions. 1hus it was conservative to

assule a'constanlt cross section in tile system concept simulation. Using this method it is

possible to calculate ai effective radar cross section for each projectile type md target

geometry. Because of tills simplification, it was possible to carry out tie system simulation -;

more rapidly because the various target radar cross sections did not have to be digitized for

input into tile radar model md of course, the simulation itself ran somewhat more quickly.

4.3 Algoritlun Development

As a result of tle system concept study, certain system concepts were identified as being

very, promising. In oiler to take advcntage of these nelw system concepts, a new projectile tracking

algorithm was developed to make better use of doualeg tracking information. 1he IICAT'iR prograln
was used extensively in developing this downleg tracking algorithm. One aspect of the ilqroved

weapon location algoritlun was the development of the mnxinman likelihood state estimation

technique for projectile tracking. 'Tis technique is a very general one and in fact, its the

basis for tile current tracker used in LOOTI':R. The other aspect of dowl, eg tracking, thlich

needed considerable attention was the development of a realistic trajectory dynaimic madlel.

Because of the rather long extra)olation times involved for downleg data most of the errors
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associated With theml cowe about throgh errors inl thle dynamlic modal for tile ,rajector,, Oslo

way to in1vestigate tile effects of such at iodel wera to cilo)' anl exterial traijectoiy, generator

wihel conitained as 111.ch ats Iw known about tile ballistic behavior of projecti les. tte !is Ann)'

Ballistics Resear-ch Laboratory (111U.) 111.3 Sow'O2al m1odols wiih containl it Voly accurate (Ierod-lliic

miodols for prjectiie dymics. One of these was w~ed for our studies. Tis inodel was used ats

input to the 1=171'11% prograimid were used ats at basis for svnul,.cd t-' jectory. lie ;vrogrzn was.

Itui using t4he trwitutun ~A~lelhoo estitIUIin anid te inera observational dyali irtodt, to

deterine estilwitedl launlc points, biases aid systemiatic errors inl thle resuiuig launch powts

uere then correolated with var--ts; mnodel inaccuracies. Gradually, the obsorvational miodel was

impyroved thus reducing these systemiatic errors. Chie shiould note that it is not possible to

includo !I thle oblservationall radar modtel for projectiles all of thle a priori aerodpininic

infonnation preen~ted lin tile BMU, model . 'lb do this one wutld neud to know a pi-ori thle shellI

typet, the ument of inertia, etc.

Because ut. =VfLI~R prograri is designed using a inrical tranisition mnatrix with which

to integrato thle trajectory, Forward or backward', this decouples the prograin Crem the actual

d-Ynlalic mode0 l bingq used. Thlus the acceleration generation subrouitinle canl he cluuigedl quite

easily to reflect Changes inl thle dynamic miodel employed for ut-apon location, 'llus has beenl

a great help ill explOK'ikv thle effects of secondary acceleration such ats the yaw induced drag~,

zhe m.'ignitts acceleri': and thle lift acceleration. Additional features which have becen Vol-\

helpful areo thle ability to resolve the residual, errors relative to the ins1tatanous VCIoLity

v'ector. Th'lis example il lustrates the use of the =IflC' progratl inl inproviig the projectile

tracking algorithin.

4.41 Real lNita Performnance Validation

Scoen after tith cilpletienl of thle systemts simiulation studies, somne real recorded track data

became, available front one( of thle early projectile tracking radar (TI 23). IS It seemred appropriate

at thie time to try thle new iiij~roVCed uvapon location algorithms onl this recordct radar data.

11inco those early tests thle l.OAMh lrograin has been used to process recorded radar tracking

data fruit five different radars. 'I'le processing of this data with W(AT11iR has pr'oveil to he most

informlative particularly inl showing thle pei'fonnance of 1-heL weaponl location algjor tin. Recently

a series of projectile tracking tests have beenl per~nilwd uising the XN/IPS- 16 radar at W~al lops

Wsand, V A. 1The data from these testsz has been processed 11\1CX~R iki order to Validate the

pe r fonlce of thle upleg-downdeg uxapon location algoritii. By processing at series of different

trajectories, using dli ferent projectill's it is possible to got a very good tiidnderanding of thle

IOt
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strengths and eaknlesses of~ a particuilar algorithm. Several of tile tools that LU)C\IIt- gives uts

aro particularly helpftil in this regard. Pir-st, there is a miss distance dlistribution this

' Ishows us the bias and thle spread in predicted launch- points (se. Section 7. 1) . Ile spi-ea&I inl

tile laUnch -poinlts is due to randOM errors fromn radar noise and round to rotund variation inK

the projectiles themselves. Ilic bias errors, thle offset of the cluister', are due to systematic
errors most likely fixom errors in the model of' thle ballistic tr'ajectory, but other sources of

systematic errors would be radar biases and errors in mterological conditions. A second

useful report is in SHMrON 7 %%fere the residual errors arc presen~ted. A plot of the residual

errors in each radar measurement dimonsioii is also provided. This provides a way t6 quickly

evaluate the goodness of fit in the estimated tniajectory. In the examplle shomi in Section 7.1,

one can see that, the errors in the radar range systematically deviate froma thle estimate.

1This shows us there is more systematic error in the rmuigo dimenziion than either of the angle

dLitwensions. Anothier useful report is the covariance mtrix and thle correlation coefficient

preened n ~i~ IN S. 1This ponmits one to quickly observe the degree of crrelation betueenIvarious states in the estimation process. Thiis will vary dependling upon the trajectory and 3

the vl'wing geonmet-. Ile have had case5 of real danta (nr-23) 1 where several states ucre almnost

linearly correlated, for exanple, the vertical position ind vertical velocity we-re all linearly

correlated with the drag constant. Men this occurs the estimation process may not converge

and if it (toes converge the answer is not unique. With LOCKC13R it is, however, possible to

"A easily rmove one of the dependent states. Another example is that one would not normally

want to estimate both thle projectile dra~j andi the wind velotity at thle same time since these

tend to be highly coupled states. Another useful -recport is thle estimation statistics 1%hchl

p~resent the results of the state estimation for the parameter states such us, drag and spin.

Prom a series of tests such- as those illustrated in Sectionl 7. 1, one can get an estimlate of

the uncertainty in estimating a-particular state. Take the spin parameter, for example, uihich

can be estimated in the exanple with about a 3% standard deviation. Thiis variation in the -Iestimate is composed of errors resulting from the radar measurement errors and round to round

variations in thle actual spin constant. In the simulation mode one could get an idea as to

exactly how much of the error was due to radar measurement errors. For seone radars, however,

the radar measurements are much less accurate than they were for the AN/FS-16 radar, and

in fact these radars have great difficulty in estimating the spin paramreter. In such cases

estimation errors of 100% of the expIected spin parameter value are sometimes obtained. Mhen

this is found it is often more beneficial to eliminate the estimation of the spin constant and
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use a nominal a parnr value.

From these typo of reports, one can obtain a very complete picture as to the performance

L- f both of the particular radar involved and of the weapon location algorithm being evaluated

4. Data Editing

Whenever rial data is being analyzed, the likelihood of including bad data is present.

In order to conveniently treat this possibilit), a very flexible data editing facility has been

included in IMATER. There are at least 2 causes for the bad data-points being included in

the data, the first is erroneozdata associatio!r that is.,track points or detections from other

objects have been mixed into the track file fora particular projectile, the-second reason

is that forsome reason or other the measurement process has ,given a value outside of the

range expected, usually because the modeling of that process has ignored soe physical phenomenon.

In the real data example Shownlin Section 7.1, the, estimatdr converges using all thetrack 4

points and then it finds that-one measurement, that is the last track point elevation measurement,

is more the 4 sigma from the mean. Theale efr this point is then thrown out and the

trajectory is refit using the remaining points. Looking at the residual error for the points,

one wight csnclude that the rang and azimuth for that point are entirely reasonable but the

elevation is signiicetl different from the expectedtrajectory. The most likely explanation

for this is mltipath as the projectile approached the lat surface of the water. This eulti-

path caused the elevation of mnopulse measurement to he in error but did not asect the rante

or azimuth measurement. This is an example where the physical process~that of multipath~was

not assumed in the measurement model. In other cases where data has been processed from a

track while scan radar, we found data points which agree in one or two dimensions but obvious17 :

do not agree in others. Subsequent investigations show that these data points cam from air-

~craft rather than projectiles. If these bad data points were not edited out of the data they

would have a severe effect on the overall quality of the trajectory fit. Because the estimation

process is using the square of the residual error, a few large residual errors can completely
dominate the fitting process. Sometimes bad data points cause such deviations in the trajectory

that the estimator fails to converge initially on an estimate. For these cases a pre-edit

feature has been included in-the LOCATER and this feature allows the user to do a polynominal

regression on each of the measurement dimensions and exclude points that are more than a

prescribed distance from the polynominal.
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Thito orologica! colultiolls plor~ a Very rin iatiole III doolitiig tile traOcctory

Otha t pvoiecti Ic will toW 'fie II't)qraI'll e ffect. or the iid Onl tll projoact I til ma vwe the(

trajectory waity 101z el' iwtons, llumnso of thuo~ Octors It iswlktllxw pract ice for art.1II levy

uilt to hanvo t1ret acesso to teteoooi rt.portIng Caci ites of a1 tactical unlit,

havwIng accems to th11.s informvationm It equal ly im1porwl int tilte radar weapon ltia on opertiont

lit 0-der to tI0(qkMtely 1101 Ohese Oeavi '.nment Ilt onitirlt, shNA'1it Ilcidos ai wind aul

Imim111110ri donitty mtXIOt whlich will Inlcorporaite tindardtitolgc reportllng data

lJXV1111 Is (111lk to hanldle daa Ill several lb~iiA, '1lm. 11 "Alusal fon11 Is tQ halve ;% layered

wid repor't takell with meeroola aloas' anld Iadioonldes. 1ilewver, If the tro Iot

tivalIIII oali onway skipply the strfaco wind ctindit-tiflad use Owi~e t1. vel'rtigmt, One shlolt

bo moiro, owmvev, fhat the% 4urface winld iW wiul ly niot thet an'erago Odwl aloft. 'lIbes ame

lstint ly smiiehat greater anld Often lit dtllovolit iii rectltxls iWO1v hav Oe oston, tried to

mico daa fol, uldiell Io )oerlgc dtaexlstcd, tider certaini conli t ion raher

signifiant ziemsitllty to tile twuAmed iqllInd is olld Cl'f' " Mhore Iq (k Very dielct olipIlag

hetwen the winld vel ocity along tile gunt target 1t I h an thle dragl aismtuued for tile preN,he0t Ille

80, to semi, degree, an1 error III the ms"Iated ildk aloing tho glul ta'rg1 I I hit e offet Ity

a coiivesa ig eor lit tile estima11ted drag for thle projectIle. 1111S. thle net. effect Onl thle

Qotlritattod wiaponl locationl may ho mullI I.

Itectinis of the di cta coupling between tile (Ah'ag tw'-.111( and tile id voloot). It, Is

possi~ble to til thle probkih atwi nd mahe an11w til ltimit of thle wind~ velocity, given thle th'ag

anld spncharactorlitil (if the Iwojoctito. lbr exiwiple, undelr Cont rol too"t. a li'Doect ito

s tk redi withl i t]at condi tltas anld with a known drag charaictoristic and spIiil deflect i0n

chirlacterlistt c. 1IIA'lk hl leo he used ito vqt hate the easAt and north winld average Velocity

Cen11net. Mowver kulless the daita qitetIty Itt exiceptilonall'y high, t illi; procedure does Itot

y told a very great confidonco Wn thle wid miwrme~tol

411,01)aIth reflectitons of thet radar signqal Canll a1 it~lf ~ sollive of erro, III tilo

eleatin masueme Th thisi partivularly troulsmit' weeIia4ree of low elevation

anglo t r;%ectorlos, are) being made. 11o iyomst typical type of inul tipath isq Olowr a pceli

roflectIonl ocara; Oil the grouind Inl front of thle vidar" Causing a strong interfering signall to

be combinled with tilhe dliec a inat 'Ihis tendsl to priide a periodical I y varyilng systemativ

error Inl the elevtionl marmnInl radar"; us talg at lminopls; 'Ingle zesnmn



Ini examining a real recorded radar data, we have found that multipath errors often are

present. Becausu. of, that we hlave included Il .IDUC R tie racility for both simulating the

ultipath ervrs and at rudimentary capability for estimating wilat they are.

Iln one particular application, we processed five low angle trajectories mid found

very systemiiatic elevation error (Figure 4-1). It was tound that a decayed sine wave is shown

by these dashed curve wias a very good fit to the systematic orror. Facilities were added to

the estimator In LOCAII:R to allow the fitting of such a sine wave mid tile estimation of its

poriod, its phase and its amplitude. Using this approach on each individual trajectory, it

was possible to remove most of tile systematic error present in the elevation measurement. In

this way, tile meisurement model was extended to more closely resqible tile actual physical

process it work in the real data measurement. 'lie estimation of the additional rarameters is,

of course, dependent upon ihaving high quality radar measurement in the first place, and upon

the high degree of pledictability inherent In a well modelled ballistic trajectory.

Because of the demonstrated importance of the multipath erlors it was decided to also

include them in the simulation of a radar. '1\o methods were provided for including multipath

errors 1) to use the simple ftuotonal modl illustrated in Fig. 4-1 mid 2) supply a table

of ieasured vs. tire elevation angles to be used in generating elevation measurements foi the

simulated radar. An application of the table simulation of multipath eriors was provided by

the collection of typical utipath miisurement errors as part of tile IHO LS program. This

ilaesureient effort has provided us with nimltipath errors exjected in various typical tactical

sightings, With this infonation it is possible to simulate the effects ol a proppsed radar

design of typical multipath errors. One cal then evaluate the degree to wid these multipath

err)rs degrade the weapon location estimate for various trajectory geoietries. If tile degra-

dation in weapon location accuracy is significant one may wish to include some form of a

multipath estimation in tile weapon location algorithll.

4.8 Simulated PIidar Perfoxanitice

A somlehliat different application or tile radar simulation capability is that described

in 4.1 which is usedI to perfect a i)articular radar deqign. One such exain)le of the use of

LOCAIE for this purlose was in the development of the hemispheric coverage radar designed for

the 1OILS program. As various aspects of the design bec.mi more concrete the radar

model could be made more exact in those areas. An example of this was discussed in Section 4.7

concerning the nmultipath simulation. By taking groat care in the way in which the radar is

simulated it is possible to almost exactly duplicate the results to be expected by the real
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ador onhi.i bilt, Oneo itiva that Is s(At x~lit mome (lffietitt to evaulitv Is thle klege

to %bich the radar mil will match the 1,011 projet-1,e 7,1del. III or-der to shed so'me lig~ht

on% that aspect df simula11tion, thle I&jWfI:R progriv ilt$ as bee usett (it a sbinewiltt hlybritt mode~ III

which highly accutrate radar' atit tdoeaw ith tile ^1/-1S8 16 radar was as-ed as it baskN for per Eollng 4

slilatioiis. '1110 4VN/11,S-6 rvidai' traijectory was fed tin as an coturiaI trojeCtor) and tile noise

gelierator for tile tesst accurate rildi to be simulated w atded to tile Inpuit data. 'liis gave%

1)0th at realistic appraisal of tile nxodel lng orrors which wevre presenitI inta oriia radar data

.4plus ali stic reprosetitation of thlt inuidoia radar masurvement urrors whidi ware added usig

the n~dar nioise generator. It% using tile coorilhato t ranls fonnlatlon1 (Fig. 3.1) to place thle

trajectory in vatrios, poetrles It. As possible to evaluate it likulber of di fferent situions01

tit it very realistic mimner,

'1110 IAORhI progi'm) p vde tilO Capability for' \%\rkiu onl a subsut of tile naival radar

1n,104WIilkmit diensions of' range, aiimnthi, olovat in, dlopplor anld signial to noi1se raio III

one0 particuilar ap ?lq) nztlX io u v re gI\'ei radlar data tak~en ith a radar that did not measumre

elovlltimi. t didt however masure range, a-.1in1ith anld dloppler. With tis infiatiln kt U,

poss ible to putredict, uvapoti becatloit and theo tools that L.OCNI'lik prIovideo. ga%'e its thle further

Capability Qf allilyzing ilat geometries such at radair was partliulirly SOI)SItIve to. WIth0 thlt

covarimnce matrix ouitput (SHi(i'ON S) wev uvre able to doteailne that thle radar was lparticulorl)'

senisitive to asslunlptious conicemdng the wvind aid thle dhrag pl"inctur's when"l It Was tracking W\%~

plowation trajectories.I It was learnedi that. it was nlot Capable of' mrkig good estImate of (Iras

or~ spin.l

1kil 1ppl, lentloll of the hIYId ii( uIe discumsed In 4.8 A s the selective degrmdat~li of' a

p~aricular radar eaumet.Poi' emple, it is possIble to add radlar noise to % particular

radar dimension, say thle ranlge dilcit.ioll. i tis Way It Will be possible to 91i1ulate the

radar mecasurement wvith at dletraded range resolution capability for exmlple. MhIS .IppIWltin

has,, morit InI deonnining tt'adcoffs InI um oaw'eit aMMC)ac.

4.10 Wielt lag State listItnation Varliabk.s

Ole Orton uncoliters situations where theit t i set of states estilmation variables cannot.

sinvultaiieously be eC.timated. Ivelv~e already, Immtioned that It is not po".sible to slinti 1tanecoushy

est maute tilie wvind hparamotel's and thle drag parameoter. Oft en it is not, iIcto "sth mate thle

qpit or' drag pqrameters simpi) beCcauSe thle rAdar t't a111ua1hlit is ot stiff IL ctt. InIoI



particular simulation, stud)', it was found that quite often the spin.parimfitor was not -very

accurately estimated, in fact, the standard deviation of the spin estimates often.exceeded

100% of the value expected. When this was encotuitered, the IOCATEI1 facility for eliminating

the spin state from-the estimate was u.ied and it was replaced.with an a priori estimate of

the nominal value for spin constant. B1ocause this nominal value was often closer to the

tree value than the previous estimate would have been, the overall quality of the weapon

location estimate improved. It therefore may be very desirable to eliminate one of the state

variables from the estimate, particularly when using poor quality radar data.

4.11 Nkiltiple Radar Nets

In the moden battlefield situation there very likely will be mmy sensors present, some

which have overlapping coverages. It may be of interest to investigate the possibility

of combining the tracking information from several sensors. WLOMAEhR provides a very convenient

way of combining track information from niUyorous sensors with overlapping coverage. One

application of this capability was the investigation of a multiple sensor concept as part of

the projectile tracking radar concept investigation. One such concept employed a net of 2 or 3

sensors and combined the tracking informttion froi each sensor. l1he provisions for doing this

in IDO\rrER are very simple but effective. One of the radar locations is designated as the

base location or the origin and the measurements froma the other sensors are transfomed into

that coordinate system md the estimation process is placed in the coordinate system. Now the

specification of the track interval will allow overlapping of track; tracks may be either con-

current, that is identical track times, or they may b.-, independent mid asynchronous in their

tracking. The only thing that is not simulated is the computation of bistatic doppler. 'Te

corresponding radar covariance matrices Wero transforted into the base coordinate system md the

maximum likelihood estimate is performed combining all of the available information.

An example of overlapping track coverage with tv radars is shown in Section 7.4. In this

example the tux) radars have identical elevation coverages but are uns)qchronized so in this

case the track points are offset by one another by 2/10 of a second (see SUCf ION 4 of the

output). In such examples, %e find that the relative position of the 2 radars relative to

the trajectory goonmtry may make a signi ficant difference in the composite accuracy

of the weapon location. In the case illustrated, the miss distance plot (see SEUIrON 9 of

the output), s ows that the distribution of estimated launch points lies on the gun target

line and is relatively narrow in the orthogonal direction because this is the direction

that the radars tend to measure range in. This type of crossing ti'ajectory is j1u;t the
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typo which is a candidate for cooperative tracking between 2 or more radars situated along the

4.12 Angle Only Sensors

Because of LOCATER's inherent capability to handle multiple sensors which was described

in the previous section, it is possible to consider specidl situations for exomple %here the

sensors do tracking in angle only. "lhis might correspond to some type of optical tracking

system. By spciying sensors which measure only angles, and then using multiple sensors

with overlapping coverage it is possible for IOCATIR to process trajectories using one sensor

as the base for making the state estimate. Using LOCATER in the simulation mode, it would be

possible to investigate the sensitivity to trajectory geometries, the intersensor b1selino

length, total tracking tine and tracking rate. Such a study could be performed iteratively

changing the sensor paramoto' such as angular accuracy, track time and so forth until the

desired weapon location accuracy was provided, and the sensor parameters have been optimized.

The flexibility of LOCATER program is largely directed towards investigation of individual

sensor performance as we have described above.

4.13 Battle Scenarios

scale battle scenarios it is important to have an accurate representation of the probable

weapon location accuracy for the various individual weapon location estimates. I'he most

efficient mthod of providing this realism in a lare battle simulation is to use a program

such as IAqIE, to parameterize the important variables for use in the more general battle

sinulation, By abstracting these key variables, 'it is possible to more efficiently simulhnte

the large scale battld scenario wile retaining the realism of the detail tracking simulation.

Wne application of this technique was to simulate a battle scenario with more than 100

trajectories and about a dozen sensors emploved at an actual battle location including the

topographic terrain information. The weapon location accuracy was handled parametrically by

abstracting the key relationships from a series of trajectory simulations using an early

version of LOCATER. Key variables wore the track extranoLation time and the length of time

that the projectile was tracked. Similarly the effects of actual terrain masking wore simulated

through the use of a topographic map and a line of sight function used to determine the time

of the track initiation and track termination. This type of battlefield scenario with its

J
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topographic rdali-SI ll bmles the designer to realistically evaluate thle reltive Inxrits Of radar

trackip eomotir!, tracking till and ranlge. 1110 rather Complex interaction of- these factors

canbe valate Ina realistic way using jpaameterized large scale Nwattle scenario simulators.

4
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Fig. 5-1. Earth surface fixed XYZ mid earth centered fixed Xrr~p

Z(up) L 4-146-11

I.

RADAR y noth

Fig S-2. Radar measurement coordinates (polar RAE).
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1 arth Surface FixedA (lISP)
61his is a Cartesian Syste"mi with~ origin at the radar.

2. Radar ~Asuremcnt Space (OWE) -

This is a polar coordinatc- system %,Ith% origiin at the radar describing the

measurement space (rang, azimuth, elevation, and -doppler).

is is a cartesian system with~ the origin at the conter or thle earth.

S. 2- 1 Harth Surface Fixed (ESP1)

110e [iSF Coordinate system is a right-handed cartesiali system fixed on the surface of

-thle varth with the origin at the radar location (Fig. 5-2). Thiis systemi is the frame of

reference for thle equtations of' motion described in section 5.3.

The three coordinate a.\cs have the following orientations:

x locally east, tangent to earth's surface at the radar.

y loall nothtanentto earth's surfac at the radar.

z nortial to earth's surface (~yplane) at the radar (upwards).

Thec states of' the projectile can be -- presented by a 6 eleiment state vecctor, S, composed

ofr position compIonents \,Y,Z (in nleters) mid 3 Velocity couponients Ol (in eters/sec).

5.2.2 Radar W4asurement Space MRAE)

The MAE system is a polar coordinate system with thle origin at the radar location

and is coincident with thle ESP ornigin. Th1is RME system is the reference framie for the radar

meaNSUrmenlts (Fig. S-2) which are:

r Slant range from radar to projectile (in)

a Azimuth angle (radians) of thle projecti l masured Clockwise from north~
( !ra!: 2v).

e El vt ion angle (radians) of thle projectile above thle earth tangent p)lane

r Doppler' (mis). This is thle radial couponent of thle projectile's velocity.
A positive doppler means the projectile is moving away from thle radar.

a Time rate of change of azimuti, angle, a (radi ans/sec).

t Time rate of change of elevation angle, e (radians/sec).

Thec elemnts, ;i and 6 , are included in thle definition of the RAE system only for complete-

ness. Thecy are, however, not directly measuircl by the radar.

The projectile states in RAE are rep resented by a six element vector, 11, with thle

Components r ,a,Ce,r~,ai and 6.
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S.2.3 Transformations Between ESF and-RAE

ESP to RAE

The nonlinear transformation for a staite vector, S, in the ESIF coordinate system,:to a

state vector', R, inte RAE system is represented by the functiontf

The function, f, expanded, has the following comI~onents:

r - [x2:+y2 + Z]

a Mtan Ix/).]

e =tan
t I zx A,2)

6 (r- zi.)/ (x2+2~

I'he transformation from LiSF to RAM.' is impemented in subroutinc X\ZRAr-(SBAR,RBAR) wherej

SBAR is a 6-element array (input) representing the states of S in I'SIP and RIRAR is a 6-element

~array (output) representing the states of R in NW-.

Mi. to liSF

The nonlinear transformation from a state vecctor, R, in the RAH system to a state vector,

in te r-F sstemis epreentd bythefuncion

S f (R) (5- 4)4

The transformation, f C-1  ude s

x r cos~e) sin~a) (5-5)

y r cos(e) cos~a)

z I. rSin(e)

k icos(e) -r6 sin(e)]sin(a) + r cos(e) cos~a) '

y rcos(e) -resin(e) lcos(a) - r cos(e) sill(a) a

isinf~e) + r cos(e)

Thle transforimition, fC1 , from r. to I-SP iS imnIem~lented Inl suro tin AXZrl3RSR

where RRAR is a 6-element array representing the states, of 11 in RAEi and SRARZ is a 6-cleirent

array representing the states of S in LiSF.
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1 ath ,Center&fiea MEP).

The Earth Centered Fixed- (ECF) coordinate system Is at right-'hAnded cartesian -system

fedin thi rotating earth-with tM origin located at the center of the earth, 1h6 orienta-

tlon of the6: coordinate aes hcin in Fig., 54I, Is .xp Intersecting, the Greenwich ~mridian,

diz~xrected along the-earth's rotation axis-pointed toward the north pole, and yF constnitted

such 'that xF, X f0 e

TheECFsystem is used-as. an intermediate coordihate system between two ESF systems in

itistatic system~ analysis or in siniltion with an externally generated trajectory.

- - 'Testftes of the-projectile in ECFcan be represented by a state vector, X , wic is

co~od of-ihree position, couoonenits xp,, yp' and zF (in meters) and three velocities X1F, F'

Fn (in meters/sec).

5-.2.5 TransformationBeitween ESFan--d. ECP

Given- a state vector, S, in ESF (introduced insection S.2.1) and a state vector,

in ECF, (introduced in section S. 2. 4) the transformations between the two systems will be

established boicw.

A radar location-on the earth ellipsoid iwxlel (section 5.1) is specified by:

2. Latitude, X

3. Height above ellipsoid, H

j This location is the origin of the-ESF coordinate system as shown in-Fig. 5-1,

The-transformations betweeen ESF and ECF amounts to 2 rotations and 1 translation. 2 Theyr

are:

-- F Su b (-6)

where A is a 6 :x,6-partitioned matrix,

A - --- ---- ------- --- --- (S-7)

0

Each submatrix a(#,A) is a 3 x 3 matrix and is a function of longitude, *,and latitude,

A. the other partitions of a re 3 x 3 0 matrices.
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rSi.x COSA 0
t -sin# coSA -sin+, sinA cost (5-8)

COSO COA Cos+ sinx sin#i

j " The matrix b is a 64-elemeilt translation vector.

o (s-9)

R?

-0

0 R2  C sin(.-. )
0 Re - radius of earth at radar's location

defined in section S.1

+c ta t (I 1 )tan+]

S-ellipsoid eccentricity defined
~in section 5.1

The transfrOriatio fromIESF to EU is the inverse of eqn. (5-6).

- At(S)- b)

The transformation of a state vector S1 from one SP system to another is:

61(s

where A1 and are transformation matrices defined by eqn. (S-7) and (S-9) for radar 1, while

2 and b2, are transformation matrices for radar 2, and S is the projectile state vector

relative, to radar 2.

lcmentation

Each lRaD. data packet (section 6.2.10) defines the height, longitude and latitude of the

radar by ITBS 3 to 5. S routine SETUP coqutes the submtrix a and the first 3 elements of b

based on equs. (5-8) and (5-9). The 9 elements 6f a, taken row-wise, and the first 3 elements

of b are stored as a coltmui vector in array fADAR from locations R.-R(50 ,NRA.1- R) to RADR(61,

NRADAR), wh..re NADAR is the packet ntumbr.

The EC- to HSF transformation, eqn. (5-6), is implcmented in subroutine EC-X'YZ. The

calling sequence is:

CALL ECFX\YZ(X:RAR,SRAR,P.,XI-\R(SO,NR..Xil\R))
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I

where XFBA is a 6-clement array representing X (inpt) -in ECF and SBAR is a 6-elerent arrayI

(output)-representing s in EsP.

The inverseatransformation from ES to ECF, eqn. (5-10) is given by:

The transformation from one ESF system to another, eqa. (S-11), is implemented in sJt- I
routine XYZXYZ.

C'LL XYZXYZ(SlBAR,NRADI,S2BAR,NRAD2)

where SiBR is a 6-element array.(input) representing the state vector relative to radar

INAXI while S2BAR is a 6-elementarray (output) representing the state vector S2-ielative to
radar IN,.DZ.'

S.3 Equations of Mtion '

The dynamics used in LOCATER represent the ballistic trajectory of a dynamically stabilized

spinning pi-jectile in the air.

The generic vector acceleration equation is composed of gravitational acceleration .,

Coriolis acceleration CA, atmospheric drag D and lit L from-a yawed spinning projectile

interacti)g with the atmosphere. The reference frame for the accelerations is the ESF coordinate

system (section 5.2.1)

The net projectile acceleration vector X is:

CA + ~ D + L (5-12)
-g

(gravity) (Coriolis) (drag) (lift)I3
The 6-element state vector S of the projectile in ESF (introduced in 5.2.1) has position

components x,y,z and velocity components , The 3-element vector X represents the

projectile vector velocity while X represents the acceleration vector.

Each term in the acceleration equation (5-12) is defined below:

GraVitational Acceleration, g

2"
E d Re (5-13)

gn acceleration from gravity at ellipscidal surface. gn- 9 .8 0665 M/s2

Re radius of earth at the radar origin (meters). See section S.1

33

- AM



d vector from center of earth to the projectile

Edv

XIZ + Pe + HI

H radar height above the ellipsoid (m)

coriolis Acceleration, CA

gA -2((5-14)

w earth spin vector resolved onto the ESF system

n.- osIfsin*' :I

A spin rate of earth
n is defined in section 5.1

# latitude of radar. See section 5.1

Drag Acceleration, D,

-g -kd P KDo(IXIX (5-15)

p atmospheric density (kg/m3)

KDo The zero yaw drag coefficient as a function of mach number, M.
See section 5.3.1.

kd drag state (m2/kg) I
V velocity vector of projectile WRT air.

Vu-WN

lYl projectile airspeed (mls) i
wind components in ESF (m/s)

M Mach ntmber

Vs

Vs  velocity of sound (m/s). Section 5.3.2.

VV
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kkspill state )W
mun~Witu~ie of unwItational aclerattoti

A ?~trIc State Vector imnd Arra. i4crltion

The position and velocity states of the plxojectle l I P list',1 Intoucd In sction S.I., I

Is repmeented by it 6 eCt'n-nt. state Vector S. It 1s now necossaty to Iticlukle tho Orag, spit%,

wmil wid states it the state vector desci'ptim~. 1110 atIted stato Wootlr X ,tu now ho.

definett where the first 6 aenwitts of X is S. T"ho mittiments of' X am.a

xjjx~x3 X'Y' pwsition atatest (it nvtolr) in list"

f1 x,1 A. V01OCtty qtatVA (III swtOr$/$C)

x7  drag state k~ (in m2/kg)

Xg spin state k, Ws")

X0 North wind welient

The intonial represo~ation of' stAte vector Is arro4- vartablo X!L\T, I'lev Is not,

howvor, a tw,-to'oiw corrospotidoco hetweeii tho conmxilts of X and Oiesints otf XIVX' '11e

olwt of XIRT arm~

X lAT (S) , XIIAT (6) , X1ITW(7) ,x-elocity states (~~

XI1AT(1', ,Xj1TXI'O Xt(10) R, I accoleratioms syiinoiomwt with the 3'oleiont.
vector Xcoiuted by sigwoutbwlk AM~..

XIIAT(1l) drag state kI (11,

XHAT(12) Spin state WaS)

XUAT(13) iast Wind coqxgnent AIV,%)I
M1AT (14) North wimd ioionont. (PV/s)

tI.Vlk0S) -X1 AT0) Iimsod - meervd for fuur St~tos 4

If 6 8tato vector array X'IIAT Is thus appropriatol)' (lfed, the Accelerationts cmi We

coitmit Iby at call to stimutIne ACL.



CALL ACCEL(HAT)

Te accelerations i, and i, would then be stored in array elements XIAT(8),)XAT(9), and

XHAT(10), respectively. See the flow chart of subroutine ACCEL in section 8.1.4.

The equations of motion, eq. (5-12), are integrated (extrapolated) by a predictor-corrector

type algorithm with a maxinu step size of .S second. I  A state vector array HAT valid at

time, XHAT(1), can be moved to another time, T, by calling subroutine EMIPAP.

CALL E(MWP(XHAT,T)

5.3.1 Drag Force Coefficient Model

The drag force coefficient model, KD,, used in LOCATER represents the amount of zero

yaw drag as a function of Mach ntmber.

A series of drig curves have been generated for various projectile types in wind tunnel

experiments and have been validated by the processing of real trajectory measurements.4  Each

drag curve is approximated by a series of fourth degree or less regression polynomials defined

over different Mach number regions.

The four drag curves for the shell types of 105 mam, 155 am, 175 mm and 203 mm are

remarkably similar (Figure 5-3). Each curve has a constant valte for subsonic velocities, a

sharp increase in the transonic region and a decrease above Mach 1.1.

The drag curve of the 155 mm shell (Figure 5-4) was judged to be the most representative.

A scale factor has been included to adjust the drag coefficient curve for other shell types. J
The drag curve has been implemented as real function subprogram KDOQ(C CI) where MACTI is the

real Mach number.

S. 3.2 Atmospheric Models
There are two types of atmospheric models used in the LOCATER program. They are:

1. Standard atmosphere

2. Layered eteorological profile

Each type defines atmospheric density, velocity of sound, and wind components for a given

altitude either by formula evaluation or tabular interpolation. Atmospheric types are specified

by the METRO data packet (Section 6.2.5).

Type 1 Standard Atmosphere

Gicen the altitude H (meters) of the projectile above mean sea level, the atmospheric

density fuction p in kg/m3 is:
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P Pg HQ 0 where P is the (5-17)
air density A the
grund in kg/m3)

S 3 35 4 ) 0c <H <40000 m

P H > 40000 m

The velocity of sound function Vs (in m/s) is: 5 ' 6

Vs - -. 0039375 H + 20.0468(T 1/2 (5-18)

where TK is the ground temperature in degrees Kelvin.

The wind components for the TYPE 1 atmosphere are a constant function of altitude lip. The

default values for the MRO data packet are:

P 1.223 kg/m 3  ground air density
. 1T K  284.80K ground temperature '!

WEH  0,0 MIS East component of wind

WN 0 s0 M/s North component of wind

Type 2 Laered Meteorological Profile

Standard sondes taken by weather observation stations measure atmospheric pressure,

temperature, wind direction and magnitude every 100 to 250 r in altitude or at 1 minute

intervals.

The data to be used by LOCATER must be converted to atmospheric density (kg/m3 ),

temperature (deg Kelvin) and East and North wind components (m/s).

A sample ' EP' table is:

Height of Density Height of East North
and Temp Temp Density Winds Wind Wind

() OK (kg/ (mis) (mis) (m/s)

0.0 300.73 1.16797 0.0 -3.7495 1.1118
304,8 299.83 1.13433 304.8 -2.5638 -1.3424
609.6 297.39 1.10590 609.6 -1.3125 -2.5714
914.4 293.96 1.08120 914.4 -0.1536 -3.0598 U
1219.2 292.43 1.04967 1219.2 0.1701 -2.9015
1524.0 290.49 1.02037 1524.0 -0.0444 -2.5546
1828.8 288.63 0.99163 1828.8 -0. 3735 -2.4936
2133.6 286,99 0.96250 2133.6 -0.8256 -2.9002
2438.4 285.23 0.93493 2438.4 -1.0068 -3;4127

2743.2 283.73 0.90670 2743.2 -1.0664 -3.5984
3048.0 282.16 0.87890 3048.0 -1.2161 -3.5510
3352.8 280.59 0.85177 3352.8 -1.5483 -3.2232
3657.6 279.19 0.82413 3657.6 -2.0625 -3.1227 4
3962.4 277.43 0.79957 3962.4 -2.2255 -3.0280
4267.2 276.06 0.78370 4267.2, -2.2891 -3.4152
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This type of meteorological profile is input to LOCATER with a MERO type data packet.

See section 6.2.5.

S.4 Measurement Generation
The equations of motion described in Section S.3 are used by the tra.iectoy generator to

produce an unerrored projectile trajectory. This unerrored projectile trajectory is converted

into radar measurement coordinates and certain radar errors are added to the unerrored value.

This section describes the generation of those radar measurement errors and the statistical

models used.

5.4.1 Random Radar Measurement Errors

The generation of random errors is accomplished using a random nuftber generator

which produces normally distributed random ntmbers. The user can specify the random number

sequence to be used. This is helpful when it is desired to repeat a particular random number

sequence. This random generator is used for producing random errors which model the 3 sources

of error described below.

Bias errors are modeled as random variables with a zero mean and a standard deviation

specified by the user in the radar model description for each measurement dimension of the

radar. At the beginning of each Monte-Carlo run, a random number is selected from the

specified statistical distribution, this random number is used throughout the trajectory

estimation for that particular Monte-Carlo experiment. Thus, if 20 Monte-Carlo runs were made

20 different bias values would be used selected from the appropriate distribution. Although

not a part of the statistical specification it is possible to simulate biases with zero means

by using provisions in the estimation process that was originally intended for removal of

known biases.

Theml noise is usually the dominat source of random error in radar measurements. The

effect that thermal noise has in degrading radar measurement is directly proportional to the

ratio of signal-to-noise power level. Accordingly the thermal error is modeled as a zero mean

normally distributed random error with a variance that is inversely proportional to the signal-

to-noise ratio. Formulas of this type can be fotmd in Barton Radar Systems. For each of the

track measurement dimensions, the general form of the theimal; error is given in equation 5-19.

a T is the standard deviation specified for a zero dB signal-to-noise ratio. The signal-to-

noise ratio itself is modeled as a function of the radar sensitivity and the radar cross 4

section, aRCS (equation 5-20).

tv
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-eBCJ) -aBN(J)(1)

eT " SN (5-20)

Note: ro is the reference range of the radar system %ich is the range for which the radar

system would obtain a unity signal-to-noise ratio on a one square meter target. Because the

random thermal errors are independent for each track point we must generate a new random number

from the distribution for each track 1easurement.

Instrumentation errors also called jitter or range independent errors are also present In

each radar measurement dimension. These errors are usually a function of the basic precision

with which the measurement is made and are thus asstmed to be constant regardless of the

signal-to-noise ratio. These errors are modeled as a zero mean normal process with a standard

deviation which is constant regardless of the target range. Because those errors are

independent betieen track point measurement we must generate them for each track point. Thus

the total random error equation S-21 is given as the sum of the three independent components.

RAW eBJ) +eT +e (5-21)

5.4.2 M ltipath Errors

M ltipath errors vary from sight to sight and from one azimuth direction to another.

We have assumed in LOCATER, however, that the mltipath errors are fixed and can be modeled

deterministically. TRo methods of modeling multipath errors have been included in LOCATER.

Fach model effects- only the elevation measurement of the radar. The first method is to

provide a fumctional form for the error which is added to the trum elevation e to get the

multipath elevation measurement em. This e.)ression for the multipath error is designed to be

representative of typical specular multipath. One can see that the cx)ression in eqn. 5-22

is a good approximation to a measured mltipath error by observing the approximation shownm

in Fig. 4-1.

em=e+ .. foe)(S-22)
mm

ultipath error equation

The second method of modeling multipath error is to provide a table look up to translate
thb tru elevation generated into an equivalent multipath measuxement for elevation (5-23).

Sfme) (5-23)

t
415

.'4? I '



4

This slightly more general approach allows one to model multipath errors generated from A

multiple spectlar reflections or to model multipath measured at an actual tactical sight.

Both of these methods for generating ultipath errors use only the true elevation e. hereas,

in practice, one may find variations in the multipath error as a function of the azimuth as

well. The present facilities for modeling multipath are probably adequate for determining the

worst case effects of multipath on weapon location accuracy. In the future one might be

tempted to extend the modeling of multipath using eqn. 5-22 along the lines of the bias errors

making the coefficients in eqn. 5-22 random variables selected from a distribution for each

trajectory to be modeled.

5.4.3 Tropospheric Refraction Errors

M Wen tracking projectiles at low elevation angles (under 400 mr), the radar measure-

ments include a bias resulting from the refraction of the radar signal in the atmosphere. The

result is that the target appears at a higher elevation and at a greater range than its true

position. See Figure S-Sa.

The low angle refraction of a target at 30 km slant range results in a 10 m greater range

and a 0.65 mr greater elevation which translates to a 22 m position error. Harton and Ward*

have published corrections as a function of measured slant range, r, and elevation angle, e

(see figures S-Sb and c).

In order to model refraction errors in the LOCATER program, these curves have been reduced

to the approximate formulas shown below:

--1
Ar k Jk 2e + r 1  meters (5-24)

where kI - 3 x 10-
4

k2 - 1.2S x 10
"4'

o - kl[k2e + r- radians (5-2S)

where kI - 2.25 x 10
-8

k2 • 8 x 10
"5

In the above formulas, slant range is in meters and elevation is in radians. Both r and e

are taken to be the measured values; however, no significant error results from using the true

value to calculate the error to be added for simulation purposes. The refraction errors

calculated using models (1) and (2) above are shown as triangles (10 mr elevation) and circles

(400 mr elevation) in Fig. 5-SB. Agreement i!; quite good in the region of interest for projectile

tracking.
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The errors generated by the above expressions have been added to the range and elevation

m easurements, respectively. They are useful for modeling the effects ofnomial txcorrected

tropospheric refriction errors. Although a troposphericrefraction is the result of highly

' I variable aMospheric conditions we. have not attempted to model them statistically. Neither

have we used the above- fidel to remove-assimed "nomnal" refraction errors from the estimate. 1
5.5 Maxdmum Likely Estimation

L This siction describes the solution and implementation of the maximum likely state'vector *

estimation problem. The theory has-been developed elsewhere.
1

For a set of real or simulated radar measurements it is desired to determine the trajectory

which best fits the radar measurements in, a weighted-least-squares sense. Thus we can- predict

backward§ in time- (backtracking) to its intersection with the terrain.

The state vector estimation process his been generalized, so that we can, at our option,

determine any states (parameters) of the system, e.g., launch positibm, velocities,, drag,

spin, ground wind components, radar biases or a functional multipath model. Not all these

states c be estimated simultaneously, but depends on the radar-weapon geometry and measure-

ient capabilities of the radar.

5.5.1 Maximum Likilihood Estimation- Solution and Implementation

Given a set of radar measurementS, Rti, we would like to determine the "best fit"

ballistic trajectory through the data-such that the weighted differences between the measurements

and estimates of the trajectory'are minimized, where the weights, Wi reflect'our "confidence"

in the measurements. Then we have obtained our maximun likely solution.

The measurement vector, ,i' refers to a vector of range, azimuth, elevation, and doppler

observations taken by radar t at the time ti. This formulation will allou _.igl or multi-

static sensor analysis with either simultaneous or nonsimultaneous measurements.

The measurement weights, Wt. are themselves functions of time and radar measurement noise

errors and are described in section 5.S.4. It
The estimates of the trajectory, denoted by R-ij 3re determined by (1) extrapolating the

current "best fit" state vector, X, in the ESF coordinate system, to the time, ti, of the

measurement and (2) transforming the position and velocity components of X to the neasurement

space, RAE, of-radar t.

The maximum likely equation QKLE) is: we would like to to minimize the quantity Q,

where

, 44
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[Rai - tjiha- ill (526)

N

N.

where

Q is the totil weighted squared residualV
N is the nter of measurements takeni by the 4irst radar (C . I)

Nti h u~e fmaueet ae y aaN2 is the nkviiter of measurements ttkn by the sec7ond radar (t- 2)I

is the total iurrbar of meiiuren',nts N - N1 + N, + . Nt

i Is the measurement nuter denot~hg the measurement time,',

The stace vector, X. (introducedl in section S. 3) contains the position, velocity, drag, L

spin, and Smixid wind states of the projectile in the rFSP coordinate system of the brise radar

(C - 1). It is these states- of X that we wish to determine; then we havre obtained our maximum

likely state vector, X. The 3 position -tates and 3 velocity states of X are represented by

6element state-vector, S (ibitrodnced in section S.2.1). i ~I-
Tc 4iolv eqn. (S-26) by an Iterative tedrnicrtk!,we assume that P s~ o et0 masurenitmi

-~'estimates for the kth~l Iteration and is cmnposed of two teriiis. (l) the estimates for the kth
-4iteration ,ind (2) the lineaf'perturbation, to the set of current estimaites.

-( t + ad (5-27)

m1~eist now 3Iefine the \%ector of measureinent. perturbations, MCrI, in teits of a set of 1
perturbations, Lai to the state vector, S, extrapoLited to the time, ti, for thle b.Lse radar.

The nonlinear t'rinsformiation, f, for a 6-element. state \vector, 4, from E~SP to U'Ai has
beila developed in section S.2.3 by eqa. (S-2). Thie state vector S is ru~itive to the baise
radar witle Stis relative to radar £1.I

The i sub-cript. on § indicates that the state \Pector S Ihas, been extrapolated to the timo, t.I I 

1 4S



Upon diffefrnziation of eqn. (5-28) -we obtain.

8S (S-29)

where

set of perturbations to the radar measurement estimates at the timetiSIrelative to radar t I

is the Jacobian of the transformation, f

set of perturbations to the state vector S~at the time ti relative
to radar, t.

af (st)
The acobia, wichhereafter is called gnis a matrix with maximan dimensions

of 4 vws by 6 columns and must be computed for every timt ti. The terms of 9 are eviauated

in section 5. 5,.,2 and is computed by sikroutine AtLC.

Bqjn. (5-29) expanded is:

6x,

.Sa (m
Sx

Equation (5-29) will now be mdified to relate tes~ttevector perturbations, S,, for the1

Eqain(5-11) relates the transfornkation of a state vector, §t, relative to radar I, to

anoter sateVector, §i, relative to the base radar at the time t.

where

A1 and bare transformation matrices defined by (S-7) and (S-9) for radar t.

Xand~ r also defined by (5-7) and (5-9) for the base radar.

Upon differentiation of eqn. (S-31)

jS,4 =A At S. (5-32)

If t ;s the base radar (t- 1), AAt =I. The MLE rewritten by substitution of eqn. (S-32), A

(5-29), and (5- 2") in (5- 26) is:
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The trnsformtion of the B/M vector, a, to the uasurewnt space RAE is described by the ,

transfobrtion, F(), where the cowonents cf F are:

+- a I c s~a~ J(5-37)

F3 n a3 
+  asC-S &6i" a7)

F4 m a4

ei is the estimate of elevation at the tie ti relative to the base radar.
CThe 3rd comonent of with t 1)

The B/M conponent, aS, corresponds to the amplitude of the imltipath, while 2v/a 6 is the

period (radians)-and a 7/a 6 is the phase (radians).

Equation (S-27) modified to include the bias/nultipath estimates and linear perturbation

is:

=Bi+ + F (a i + F(-)(S-38)

where SF(a)i is the perturbation to the current set of B/M! estimates F(Q)i. The absence of the

£ as a subscript indicates that a is relative to the base radar (t- 1).

The perturbation F a) i expressed in term of a perturbation of the B/M vector, a is

a is the Jacobian of the transformation, F, eqn. (5-37), and is

time dependent.

6a is the perturbation to the current estimate of the BA! vector, a.

The Jacobian, . , is sparse; the only nonzero te-s are:
aaF

= 1 (5-40)

aF 
2

8a
2

DF3

aa5 1

F4

an4

F3 .~- cos(.16 6i - 17)

DF3
a- - "sei sin(nei " 7)

1,-' = a sin aNei "a7)

aa7i-;

4.7
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1,4

The matrix C will henceforth be denoted by C

ihe innter stunntion is over the wiunfer of measurevnents and the outer siaturution Is over the

ntm~er of radars.

Thme next stop In the solution of 0(111. (5-34) is tc relate the perturbationl, S1 , at 'the

tim ti, to one purtmnimtion, V.0, of the state vector o )tm ritrarily specified time, to$

called the reference time, It ist be rementervd that S represents the 6-element, posItion tund

veocity vector of XNJ

11tis relationship Is achieved by means of the state transition matrix, .io' wilore

Theo matrix, io'. has ntaxinmm dimernsions of 6 rows by 10 coluis aid is described in section S,. .3

mittC coiuited by sibt'jtitinle IRI,

riltation (5-34) with substitution of (S-35) becoms

Q~6 Wt. [a~i . ~oX t ,~ f i - h io a(5-36)

Radar Bias I!stlmattioti

For certain situations, we wo!tld al.so like to estimate other paramoters of the radar-

weapon system. TIhese other states would Include radar mreasurement biases tuid a fuxictional

mutipath indol for elevation only for the base radar. See Section S4 for simulation of

these biases.

rto accomit for these effects wet have intr. dined a bias/nitltipath (HI) state vector, at,

to be estimated. Ilis is not to be confused with the flCP to P.SF tranisfontation matrix, 0. 11a

conponents of at are:

it1  rngo bias; (mters)

a2 azimuth bias (radians)
a13  elevation bias (radians)j

a14 doppler bias (mters/soc)
as mltipath A, parameoter (radtians)

"16 multipath H.1 parameter

a7 multipatth Cm parameter
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he ML1F, eqn. (S-36), with bias/multipath tens inc7.'ded by substitution of eqn. (5-39)

and (S-38) into (S-36) is:
Ne t

[AR - , tia P ( - - La (t-41)

where R I is the difference between the measurements and estimates after k iterations.

A Priori States

We would also like to include i;, the MLF, eqn. (S-41), prior knowledge of certain states

in X. This a pri ri knowledge may be available from reconnaisance or prcvious history and may,

for exuple, include projectile type and hence its drag and spin characteristics.

Equation (5-41) with the zerms for a priori states is

a~x - ~ twvs (S-42)
-~~ - - 0 -;;o

" -io - Fai " WP

[AR C' t 6X _ al

The a priori terms in eqn. (5-42), the residual error function Q, has been developed "

elsewhere. 1

We introduce the state vector X. which contains, the a prioii states with an associated

covariance _atrlx M0o The cor~enents of are similar to X (described in section 5..). The

inverse covariance matrix, M. , is a diagonal matrix of inverse variancet of the respective
states in X a. The pertubaticn vector, 4Xa , is defined as the differnce between t , priori

stte inX.7eprubtc etoS, h -eapir

state vector, , and the current estimate, X, after k iterations.

__ __A_ 
4'3

MLE Solution

Given the MHj eqn. (5-42), a metric state vector, X, valid after k iterations, we can

solve eqn. (5-42) for the linear perturbations, SX0 and 6a, by minimi ation of eqn. (5-42) with

respect to the perturbations. We will. then update our current best estimates, X and a, by their

appropriate perturbations and test for convergence.
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The rime dependency, i, and radar dependency notation, Z, will now be dropped from

eqn. (5-42)

Q - []S4 3x 16o 6 (S-44)

aa-
gA-' ox -r_,(q)-- L_

where the summation is over the number of measurements for all radars,' N.,

The partial derivatives of Q, eqn. (5-44), with respect to ___ and 6a are given by

eqns. (5-45) and (5-46).

4- [. o " t o+ (s-4s)

[M 6x (5-46)

Ma t  C Mo -- 3a i(t
By setting the partial derivatives and to zero and collecting terms in os and an

we then obtain

r~l (C' o*)t + ax +t ~Sa

Wt- C1dX + L (547
-3 a __.o )

N__ 1Ea [taLkI

N~aFQ!~))t W(AR - Pa)(-8

The terns I and an have been removed from thc stnmations in eqas. (5-47) and (S-48) as

they are constants. Ftjuations (S-47) and (5-48) are recognized qs simultaneous matrix equations'2

with unkniown vectors, mi anI.

The inverse covariance matrix, P-, is then defined as a partitioned matrix usiug

eqn. (5-47) and (S-48).

;0
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Theresdua eror attx, C'i also defne as ac pat e atix

N

B - -- - - - - - - - - - - -- (S-SO)

CA - LEa))

The iunknwn perturbations _0 and Sa are defined as the partitioned matrix WV.

A

6V (5-Si)

Thi liaarsysem f Amulaneusequrtions

c 17 besove fr 6Vyis nvef n thliners e covrinc matrix, P-1, and postmuitipiying byi

the ~ ~ ~ ~ ~ - -liul ro atiB

Ths imthod of solution hinverting the inverse covarianco matrix is desirable if any of

th erm~ in the covariance matrix, P, are to be examined, however, using a standard simultan-

eous eqtiaticn routine minimizes the accumulative roundoff error as less arithmetic operations

are reqUimd.

The c'urrent metric state vcoX, and tebias/ntultipath state vector, a, are then

* updated by their appropriate per turbations, IX and Sa, and checked for convergence.

X - X + (5-54)

Imilextntati on

Thd maximum likely estimation problem developed in the first part of section 5.5.1 is

inpleozmnted in subroutine MAXLflC.4
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The remainder of this section is to describe the matrix nambs, dimensions and give an

overview of program coding for a maximum likily estimator.

1The following sections should be referred to for additional information on the implementa-

tion.

Section 8. 3.2 Labelled comon variable definitions

Section 8.1.3 MAXLIK flow chart

Trc thFisrelt.Freeldtaaayi

The measurements track file, Rintroduced at the beginning of 5.5.1, is stored in array

PMEAS300,14) in labelled commnon MMA, and allows a maximum of 300 measurements. The measure-

mnsare sorted in increasing order of time if the ifAdar is a multisensor system.

themeaureent ar red i bysuboutneREAM2I, for external trajectory simulation, the

unerore mesurmens ae rad n b surouineBRUIN, and for complete simulation the

unerrored measurements are generated by subtroutine CENER. Suibroutine ENVNSE then simulates

radar noise to corrupt the unerrored measurements. Refer to MONITR flow chart in, section 8.1.2.

The column description of array PMEAS are:q

COL"'NI DESCRIPTION

1 Track time, ti (seconds)

2 Range measurement (meters)

Azimuth measurement (radians) '

4 Elevation measurement (radians)

5 Doppler measurement (neters/sec)

10 Signal noise ratio (SNR) in dB

11 Radar number

Thd signal noise ratio is computed by eqn. (5-64) unless it is measured. i 4i

Measurement Weights

The measurement weights, Wei, are computed by subroutine WEIGHIT according to eqns. (S-61),

(5-62), and (5-63) and stored in the following columns of array RNIEAS,
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COLULIN 0 DBSCRIIPrION

6 Range measurement weight

7 Azimuth measurement weight

8 Elevation measur-ement weight

9 Doppler measureirent weighit

Mr.L Initialization

* The1 initialization Of the N11CE3 is controlled by the r-STTUWMfR data pafcked which is described

in section 6.2.3. Thle packet controls determine the initial metric state vector, X, the bias/

multipath vector, a, and which states in X and at are to be estimated. Thec initial ization is

i1q)leimieted in stimrout ine TrAM' which is coq~osed of 4I parts.

~ 1*1. Determine the initial state vector, X, which is internally represented ats array

xsrRT. X can lbe derived from .3 sourc~es:

a. lixternally speci fied by a VEjCIORj data packet.
b). Deterinined from measurements by regression.
c. Use the nominal states in the WEAPN data packet.

2. Determine which states in X among them positions, velocities, drag, spin, and
grotuid wind cottonents are-to be estimated and are controlled by ITIMS 8 to
17 of the usrIMATOR packet. TIhe 10 switches are stored in an array ISTATI. If
ISTAIMI) is 1 then estimiate the correspondling state in X. Thie miaximumi niunter
of states that can be estimated in X is variable NSX ich~d is currently set at 10.
Thie niiter of states in X to be est-imate(I for this riat is variable NS which
ranges from 0 to NSX.

3. Determine the initial bias/multipath state vector a, which internally is
represented by variable PsIT. Thie couponents of at are identical to ITMS

e ~ ~ ~ ~ ~~2 to 33 of the RADIAR packet for the base radar. isspcfdbyaers

Thiis array of 7 elements is internially stored as variable ISrAT2. If ISTrAT2(I)

in a to estimate is NPX (currenitly 7) wille thg nturter of states to o-atiate
for-this rum, NP, varies from 0 to NPX.

Measurement Editins!

The measurements in the track file can be optionally edited (rejected) and is controlled

by the EDITOR data packet (Section 6.2.2). For each measurement, a data quality indicator flag

will be stored in coln #12 of array RMAS. Thie flag has the following significance:

FLAG SIGNIFICANCE

0 All good observations

*1 Measurement was dropped by a pro-fit test. Each measurement component
is fitted to a sliding polynomial and if any observation deviates
from the mean more than 4 sigma, the whole measurement is flagged.
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FLAG SIGNIFICANCE

2 The signal noise ratio (SNR) of the measurement, either measured
or computed by eqn. (5-64), is less thin some specified threshold
set by ITEM 24 of the appropriate RADAR data packet.

The data edit tests (Flag 1 and 2) are done before the trajectory
fitting process.

4 After initial convergence of the estimator, the average weighted
track residual and sigma for each measurement component is determined.
Any track residual which deviates from the mean more than a specified
sigma will result in flagging the measurement.

MIE Accumulation Variables, Pan. (5-49) and (5-50)
A major part of subroutine MAXLIK accumulates the inverse covariance matrix, P-, and

residual error matrix, ~

The following scalar variables represent certain constants in the MLE, mid are located in

labelled common MLEl, MLE2 and INFO.

Variable
Name Value Description

NR 6 Number of terms in the state vector, S.

NMX 4 Maximum nuber of observations for each measurement.

NM1 to NlX Number of observations in the radar measurement space.

NSX 10 Maximum nutber of, states to estimate in the metric state
vector, X.

NS 0 to NSX Number of states in X to estimate for this run.

NPX 7 Maximum number of states to estimate in the bias/multipath
state vector, a.

NP 0 to NPX Number of states to estimate in the bias/multipath state
vector, a.

NSP NS+NP Length of the residual error _atrix, B, and order of the
inverse covariance matrix, P

NSPX NSX+NPX Maximun value of NSP-size of inverse covariance matrix, P
and residual error matrix, B.

MC The ntmber of Wrnte Carlo runs equivalent to ITEM 1 of the
MISSION data packet.

NRUN 1 to MC The current nm number.

NF < 300 The number of measurements in the track file. This is
symbol N in eqns. (5-49) and (5-50).

NPT 1 - NM X The current measurement number.

NITER The current iteration number.

The matrices in eqns. (5-49) and (5-50) and their equivalent FORTRAN variable array names

are specified in the following table.
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Math Arra Maximumi Defined De finin~g output
&±1 Nam Dimensions Dimensions Routine SECTON 9

;::l R)(MN) INLEC

DIUXO (NSX, 1 N, 1 )AXLIK 3I L - DELR' (NKN) RMIKNP 7FM~

aD11 AW4 (LX NX 1XLK Ns) (14) APRIR

<P COVAR (NSPX,NSPX) (NSP,NSP) MAXIK S,
Pllr (NR,NSX) (NR,NS) PUIAtT

W WV(~V,~X (NIMI) W13IGIIT 4

X SVXHIAT (LXIIAT) (14) 8IIrNDq 3,6,8,9 1
The following list of matrix names are partial products of the above varlibie list' used to

f~ I 4
compute each partition of the inverse Covariance maitrix, P-1, and error mattrix, B. The matrix

operations are implemented using general purpose 2-dimensional matrix mnipulation subroutines.

This imuins to a slight overhead in CPU time but 3ncreases coding legibility.

Kith Arrkv NWAir Defined
SyiiOl Name Dimensions Di-mensions

C'*I (1VX,NS\) (?4N,NS)

1~ )t wtInv (S\,4K) (NS,IIA)

(g' *)t Wt C' XX 1 (NsX INS\) (NS,NS)

(Ct)t Wt AR YYl (NSX,l1) (NS 1l)

( a
/ C XX2M (NPX,NS\Z) (N
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The a priori terms in eqn. (S-49) and (S-S0), N"1 and 1 X, are defined in subroutine

APRIR.

After eqns. (S-49) and (S-SO) have been accumulated for each good measurement, the inverse

covariance mtrix,- P", is inverted by subroutine MATINV, and post multiplied by the error

,iiatrix, B, as related by eqn. (5-53). j
The partitions, 6 and 6a, of the perturbation 6V are then defined by eqn. (S-S1). The

current state vectors X and a are then updated' by their respective perturbations X and' ta

as given by eqns. (S-S4) and (5- S).

Convergence Testing

The convergence of the state vectors, X and a, is tested at the end of each iteration

according to a specified option and value as specified by ITEMS S and 6 of the ESTIMATOR data

packet.

The position or velocity state convergence test is

m is the respective component (1 to 6) of

c' specified convergence value

For other estimated states the convergence test is a fractional change of the estimated

State.

m iepresents the respective component of X or a

c' is a fractional epsilon change

The convergence test is implemented in subroutine (ONVRG.

Output

The remainder of MAXLIK is exclusively output, that is, in generating SECTION 3 to 8 of

the LOCATER REPORT. Each SECTION is described in section 6.7.
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* 3 Convergence perfomflfce of estimator.

mentric state vector

iY perturbation toX
a bias/niltipath vector
6Sa perturbaRtionl to _

4 Dump of radar mesurenients mnd weights, ta , in the track file.

S Covarianice matrI x, P, and correlation coefficients.

6 Launch point velocity vector of Xand weighted squared residual statis-tics, Q

7 Tracjk residuals, AR, and mesurements, Bt, for eachi measurement component.

8 Estimation statistics for drag, spin and wind states of 1, id all states of a.

11l2 secti onaluat s he dcinmatrix S I n the transfoantion from a

state vector perturbation, j6Sf, in the r. coordinate system to a perturbation, j~t1 , in the

RAE coordinate system at the time ti, relative to radar h etrain a

COMnnts 6x, SY, Sz, ax6., s'and si, while the perturbation SRa has conponents 6r, Sa, 6e,

and Si~. Thec perturbation conponents Sa and Se are not considered as azimuthi and elevation

time -ate of change, a and ;, are not directly measured by the radar.IThe nonlinear transformation, f, between a state vector, § j in ESP~ to a state ve-ctor

R in RAE isdescribed yen.(5- 3) in section S. 2.3.*1 'nte Jacobian of f,~ -- is a mtrix withj maximt~n dimensions of 4 rows by 6 coluaws

and is coq~osed of the following e1lments-

A x Cos eOsinl(a) (S-56)

-Lx - cos ()/( Cos ()

-sin C)/( ~)

3r a ' 3r

z~ 7\
I ___________



- - - - . ' . - - -T T . " 
I 

--

-sin,"a)sin(e)/r

a cos(A)sill(O)zr

cos (,-)/r

30 3e 3C 0
-37 -

cos(e)cos;(n)A sin(a)sin~ej$

3 Cos(C) sill(a) S ilsl(C)cos (a)t6
ay

-Cos (0)t

-Cos (e)s ill a)

3) cos (e) COS(n)

S-sin~e)

Inplenentation

The Jacobian is internally conputed as array C by siitroutine MX.C andi noit be conputted

for every measurenent. tim in the LracA- file. M~routine METC computes Canly those rowts that

are necessary in the C matrix, that is, those row-, that are fivictions of -che neastulent space

for radar t.

F~or example, if the radar only measures azinwuth and elevration, the C inatrix would b,-:

an all an all an3 33Da
C> 3 : r, DT 7)

x a> 3:ae ae ae Zle 3e

S.S. 3 State Transition Matrix

For our physical system it is necessary to introduce a relationship between state

vector perturbations at the tines of the measurements to state vvctor perturb~ationts at an

arbitrarily specified reference tine. This relationship is the state tranisitionl matrix, t. I
which is defined as:
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whom

ti  is the time of the measurement i

to is the reference time

X -s the metric state vector containing position, velocity, drag,
spin .and wind states (introduced In section 5.3)

A perturbation SX(ti) in the system is then related to a pertuibation LX(to) by

MYti 0 (t.i 'to)SX (to  (S-58)

A tedrique used to calculate 0(ti,to) is:

1. Start with the current state vector X(t at the reference time, t For all
NS states that are to be estimated, 3V~icate X(to) NS times yielding an ~ugmented
state vector matrix Xm(t ) with NS colu.r;s. The Lth coi;;onent of the M state
vector in ' (to) is 1 i1 Cto) where m varies from 1 to NS.

2. For state vector IM in XNS(t 0 ) we want to estimate the Lth stste component.
Add a small perturbation, dXL, to the Lth compcnent of the Mth state vector
in XNScto) calling the result XL (to) where the prime indicates perturbed
states.

XI'M(t o ) dXL + Xif (t o ) (s-s)

3. Integrate the current state vector Xjto) and each state vector M in XNS(to)

to the time of the measurement, ti,giving X(ti) and , ti).

4. The LIN element of 0, #,M(t., to) is then

X L 4( XL (t i)
CNt1,ti)- XJL(t 0

3 _ XL(to] (5-60)

Note: The ma.-:ix 0 must be computed for each measurement in the track file,

except for nultistitic simultaneous measurements.

'he * matrix is internally called variable PII and is conputed by !ubroutine PHIi.T.

S.S.4 Yeasurement Weight Matrix

The set of radar measurements, Ra is a vector consisting of 4 observations (range,

azimuth, elevation and doppler) for the Cth radar at the time ti. The measurement weights,

is the inverse of the measurement covariance matrix associated with the measuremeits,

The weight matrix, Wfi, is a diagonal matrix with each term being the inverse variance

cf the respective observation, and is conputed by subroutine WEYn'IT.
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11 z  0 0 0

- (5-61)
0 0 o

2 2 2
iiere

2T + Oa,2 (6

2 2 2

ot1~ = tJ + o&NR

0 rJ is the sigma of range-independent range measurent noise (m)

-. " aJ is the sigma of range-independent azinvth noise Crad)
0eJ is the sigma of range-independent elevation noise (rad)
o~j is thc sigma of range-independent doppler noise (nb's) V!

The range-independent neasurement noise sigma~s are specified by ~IemS 19)-22 of the RARER

data packet for radar L.

0fT is the sigma of range-dependent range measurenent noise Cm)

0aT is the sigmna of range-dependent a ;.muth noise (rad)

eT is the sigma of range-dependent eolerio noise (neas)

O T is the sigma of range-dependent eoplerio noise (md,

41The range-dependent measurenent noise sigmas are specified by 1T! S 15-iS of the RADTAR

~The signal noise ratio (SNR) is based en range to the fourth dependence.

2 2 aNRdB 3)

NR - 10.0 ) (S-63)

SNRdB 40.0 loglo(ro/r) + RCS (5-64)

r o radar reference range Cm). Range at which a 0 dflsm projectile givesa return of 0 dB.

r range to prnjectile rm). m e)
h RCS radae ciss section o pojectile in a sm. This is specified by a

I constant value (ITrB! 13 of the appropriate W1!.\ION data packet) or a

tbe(CTBEdata packet).r aart

CyV stesg ne4pnen ag esrmn os m

CIRT is te sgma f rage-epenent zimth nise6ra)'eT isthesimaof ane-epedet levtin ois (aI



6.0 PROGRAM USER'S GUID.E

6.1 General Information

LOCATER is designed as an engineering tool for radar systems analysis and design,

primrily to be used in a batch type environment with input as data packets which may be in any

order.

The input to the LOCATER program is read by a special free format reading routine which

allows alphabetic fields mixed with the numeric data values. These numeric values are

henceforth referred to as input data ITEMS. This i/O technique disposes of remembering

variable names for NAMF.IIST type I/O and field width definitions for FORMATTED I/O, but forces

the user to remember the order of the input ITEMS. Most data packets have a set of default

ITEMS which reduces the amount of setup time for the average run. To. change any default ITEM

the whole packet must be respecified. Each data packet remains active from case to case

allowing easily implemented parameter studies.

For each case being run LOCATER will scan the data packets looking for inconsistencies and

dump the input storage arrays and write the appropriate error message if such an error

condition is raised. The arrays can also be dumped under program control (section 6.2.9.1

W1PUT 01 data packet).

The description of the LOCATER input deck follows in section 6.2.

6.2 Locater Input

The input deck to LOCATER has the following structure:

TITLE card for case I
APRIORI packet (section 6.2.1)
EDITOR packet (section 6.2.2)
ESTIMATOR packet (section 6.2.3)

M.EASURE packet (section 6.2.4)
?fTRO packet (section 6.2.S)
MISSION packet (section 6.2.6)
MULTIPATH packet (section 6.2.7)
ORIGIN packet (section 6.2.8)
OLTrPUT packet (section 6.2.9)
RADAR packet (section 6.2.10)
RANDOM packet (section 6.2.11)
RCSIABLE packet (section 6.2.12)
TOPOGRAPH packet (section 6.2.13)
TRACK packet (section 6.2.14)
WEAPON packet (section 6.2.15)
VECTOR packet (section 6.2.16)
END card
TITLE card for case 2

END card
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TITLE card for case N

card

The TITLE card is 80 alphamnuric characters used to describe the purpose of the present

rum, and appears on the top of every output page of the LOCATER REPORT. The date and time are

unnecessary in the TITI as they are printed out at the bottom of each output pago.

The END card ('"D " in columns 1-4) signifies the end of input for the particular case

being run.

All cards between the TITLE and END cards are grouped into data packets each of which has

the following structure:

CARD #1 PACKET NAM CARD

col 1-4 Packet first 4 letters
name of packet name. ex.ESTI,

RADA, etc.

col 11-12 Packet 01 to OS are allowed
number for APRIORI, NFrR, ORIGTN,

RAAR, RCSTABLE, WEAPON,
and VECTOR data packets.
01 to 09 is allowed for
alTPtr packet.
The following packets must
have 01 for the nuber:
EDITOR, FSTIATOR, MEASURE,
MISSION, ?4JLTIPATN, RANDCR,
TOPOGRAPH, TRACK.

col 13-72 Alphanumeric description
of data packet.

Ie remaining cards in the packet (columns 1-72) contain the input data ITEMS in a field

free format. The input routine will first scan for a $ in columns 1-72 skipping cards if
necessary. All numeric fields (I or F type format) wi11 be stripped off the cards ignoring all

nonnumeric characters and transferred to labelled common storage arrays. Data transfer will

itop when another $ is encountered. Numeric fields can not span cards and minus signs (if

present) must precede the numeric value with no intervening blanks. The next input card after

the card with the last $ must be another PACKET NAM card or END card, unless the data packet

specifies that a numeric table is next biput. There is no limit on the number of cards in a.

free format data packet.

Some data packets , i.e., MRO, H1ZiIPATh, and RCSTABLE have tables as input. These

tables must b' presorted in increasing order of the independent variable and followed by a * . i
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blank card. The table length limits are specified in the appropriate section.

The folloing sections contain a detailed description of the input data IT1E.S, default

values and .examples for each typo of data packet.

6.2.1 APRIORI Data Packet

The APRIORI data packet is optional and allows the user to add any a prtori klowledge

of the launch point state vector uncertainties to the maximum likely equation.

CARD #1 PACET NAE CARD

col 1-4 "APRI"
col 11-12 Packet Number 01-05
col 13-72 Alphanumeric description

The packet number must be the same as IIIN 7 of the ESTIMATOR data packet (section 6.2.3).

The folluwing are required input ITENS for the APRIORI data packet:

ITEM VALUE and DESCRIPTION

1,2,3 Positional (ESF) state vector sigmas (m)
N(rE. A zero for any ITEM means
no apror values will be added
to e maxinium likely equation.

4,S,6 Velocity (ESF) state vector sigmas (m/s)

Drag state sigma (m**2/kg)

8 Spin state a pr.iori sigma (W/s**2)

9,10 East, North wind state sigmas (m/s)

Example of APRIORI data packet:

APRI 01
$NO APRIORI SIGMAS ON POSITIONS 0 0 0
?4MTERS, OR VELOCITIES 0 00 MTERS/SEC.
THE DRAG STATE IS KNOWN TO FIVE PERCENT .000025
W43ERS SQUJARED/ KILOGRAX!
NO SPIN STATE SIGMA 0 ?.TERS/SECOND
NO tVIND STATE SIG4AS 0 0 MMETRS/SECOND $

6.2.2 EDITOR Data Packet

The EDITOR data packet optionally controls what measurements in the track file are to

be included in the maximum likely equation by,

1. Data prediting. (pre-fit)
2. Data rejection due to low SNR. (pre-fit)
3. Data rejection based on large weighted

squared residuals. (post-fit) (

63

7,



CARD #l PAC~r N CART) EDITOR

col 1-4 "EDIT"col 11-12 01
col 13-72 Alphanumeric description (optional)

The required input ZTFM for the EDITOR packet are:

ITEM# VALJE and DESCRIPTION

1 Pre-edit flag
0 No data pre-edit (default)
1 Pre-edit data tsing sliding

polyncmial and reject 4
sigma values away from
mean in each measure-:ent
component. (Unimplemented)

2 Low signal Poise ratio flag
0 No data rejection
1 (Default) Reject data point

if measured or ccniuted SNR
is lower than threshold.
NOIE. The threshold value
db) is specified by ITEM 24

in the RADAR data packet.

3 Weighted residuals reject flag
0 No data rejection
1 (Default) Compute the average

weighted square residual and
std. dev., sigma, for each

.. measurement component. After
initial convergence reject a
measurement if a value falls
outside the range, average +
sigma*sigv.

4 Value of sigv associated with weighted
residuals test. (Default value is 4.0).

Example of EDITOR data packet.

EDIT 01 REAL DATA EDIT CONTLS FOR TEST 73
$ DO NOT PRE-EDIT DATA 0, DROP DATA IF rdE MeASURED
SIMAL NOISE RATIO IS LESS TtAN ThE TIRESHOLD, OPTION 1.
PERFORM THE WEIfD SQUARED RESIDUALS TEST 1,
WITH A SIGMA OF 2.5$.

The above example for brevity could simply have been:

EDIT 01
$0012.5$

6.2.3 ESTIMATOR Data Packet

The ESTIMATOR data packet allows the user to:

1. Estimate various states among them
positions, velocities, drag, spin,
grownd winds, radar biases and
multipath parameters.
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2. Choose method of state vector
initialization of estiamtor.

3. -Specify convtrgence criterion
of state vcct-or.

4. Add ari-jr! state vector and
* sigmas to estimator M-lyJiRj and APRIORY data ixickets).

CARD) #I PACKETr NAME CARD

cal 1-4 oiI'I"
col 11-12 01
col 13-72 Allf,1phnw0e c description (optional)

The required input items for thle USI'INIATOR data packet are:

l'1B f VALUr anid DE~SCRIPTION

1 Filter niunber. For nuchin
jikely v'stijlatol' 011. Ise1

2 RAA picket number used t
copt esriin weights.
If I) the samne radar used Inl computing
thle measurements will also be
used Inl compuLting weight.
Default (0)

3 State vcctor ini tialization
switch. Default (-2)

-1 Tile true state vector used
inl calculating thle measurements
will be used to initialize tile MYH

STis option shouldi be chosen for
a1 complete Simulation as thle run
time is less.

-2 Tile nominal state %rrctor will
be used to initialize thu W1E.
'Phis option can be chosen for
simulation onl eoternal trajectory,
or- real data analysis.

-3 Derive initial state vector ('rom
measurements, At least one of the
tracking radars must take ranige,
azimnuth and elevation. If the weap~on
nulnber Is 0 onl the TRACK packet.
this. option is chosen
regardless of what is spei.iffixt for ITIN' 3.

1-5 Tile state vector specified inl thleA
V13CIOR picket -S will be used.

4 aximta iimber of iterations 1
allowed. Defi.alt (20)

1. Positions converge to epsilon
meters.

2. Velocities Converge to epsilon cnvsq)
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3. Drag converges to epsilon
fraction changeI

4. Spin converges to epsilon
traction change

S. Winds converge to epsilon
fraction change

.6. Biases converge to epsilon
fraction change

7. iltipath parameters converge
to epsilon fraction change

6 The convergence value epsilon
according to 17- 5

7 APRIORI packet numiber of state vector
sigmas fromt I to S (section
6.2.1). If no variances are to
be includted in the MLE, ITEM' 7 is
a 0.

ITEMS 8-24 of the ESTIMATOR data packet
are state estimation switche~s. A 0 means do not
estimate the state. A 1 means estimate the state.
The default ITB1S are:

8-IS) -1I
(16-24) - 0

8 X (East) position state esti-mation switch.
(N 0orth) position state ettimation switch. '

10 Z (UP) position state estirition switch.
11 X velocity state estimation switch.
12 Y velocity state estimation switch.
13 Z velocity state estimation switch.
14 drag (0)) state estimation switch.
1s spin (KS) state estimation switch.
16 East wind (WE) state estimation switch.
17 North wind (WN) state estimation switch..

MNltiple layered winds cannot be
estimated.

18 Range bias estimation switch.19 Azimuth bias estimation swit.Th.
20 Elevation bias estimation switch.
21 Doppler bias estimation switch.
22 ?4ltipath A parameter estimation switch.*
23 Niltipath B parameter estimation switch.*
24 !&ltipath C parameter estimation switch.*

*refer to section 5.5.1 for definitions of multipath parameters.

Example of Esr .TOR data packet:

ESTI 01
$ USE FILTER 1 (NIL) , USE SAME RADAR TO CALCULATE A
WIGQM 0, INITIALIZE ME1I ESTIMMTR Wrrn4 T[E NCNINAL
STATE VECTOR -2, MAX NO. ITERATIONJS 10, CVERGE4CE
OP'TIONl 1, VALUE OF .1 METRS,
NO APRIORI DATA 0,
ESTIMATE POSMTC?*S 1 1 1
rSTIMATE VELOCITIES 1 11I
DO NOT1 ESTIMATE DRAG 0
rESTIMATF SPIN 1
DO POT ESQTIKXTE WINDS 0 0, BIASES 0 0 0 0
OR MLIPA111 PARA~MERs 0 o 0 $
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6.2.4 MEASURE Data Packet

The MEASURE data packet controls the addition of radar noise to a trajectory to

simulate radar measurements. The available types of noise are:

1. Random or constant biases in range, azimuth, elevation o doppler
2. thermal errors (range dependent
3. Jitter errors (range independent)
4. Tropospheric refraction errors
5. tzltipath errors

Refer to section 5.4 for the mathematical formulation of noise errors.

CARD #1 PACKET NAME CARD

col 1-4 '1MEAS "

col 11-12 01
col 13-72 Alphantmeric description

The required input ITEMS for the MEASURE packet are:

4TIE M VALUE and DESCRIFION

I Bias error flag
0 No biases
1 Constant biases for each run

(default)
2 Constant biases for all runs

The biases are defined as ITEMS%
11-14 of the PAtAR packet.

2 Thermal noise error flag
0 No noise
I Add thermal noise (default)

Thermal errors are defined as 11EMS
15-18 of the RADAR packet.

3 Jitter noise error flag
0 No noise
1 Add jitter errors (default)

Jitter errors are defined as ITEMS

19-22 of the RADAR packet.

4 Tropospheric refraction error flag
0 No noise (default)
1 Add tropospheric refraction errors

S ?4ltipath error flag
0 No multipath errors (default)
1 Add multipath

Refer to section 5.4.4 for a
description of multipathi errors.
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Example of MEASURE data packet:

MEAS 01 NOISE FLAGS
$ FOR ThIS SJIATIoN DO NOT USE BIASES (0).
USE T11MAL AND JITrER ERRORS 1 1, BW'r NO
STROPOSPHERIC REFRACTION 0 OR MfLTIPAT1! 0 $

6.2.5 MllhEOROLOGICAL Data Packet

The METRO data packet allows the user to define a meteorological profile. There are three

types of ME1'TRO packets which are:

1. Default atmosphere
2. Specified ground conditions
3. Layered 'E31" profile

Refer to section 5.3.2 for mathematical description of the different atmospheres.

CARD #1 PACKET NAME CARD

col 1-4 "IMR"
col 11-12 01 to 05 - must be identical to 117FM

#12 of the appropriate WEAPON packot
col 13-72 Alphanumeric description

The required input ITBIS for the three types of the METRO data packet are:

TYPE I1- DEFAULT

DITEM / VALUE and DESCRIPTION

1 1 Signifies that the default
aLnosphere is to be used

Specifying a NMTRO packet to have the default atmosphere
is equivalent to having no METRO packet in the input deck.

TYPE 2 - GROUND CONDITIONS

IT4 # VALM. and DESCRIPTION

1 2 Signifying specified ground conditions

2 Air density at ground level (kg/m**3)

3 Wind speed magnitude (meters/sec)

4 Wind direction (0 to 360 degrees)
measured where the wind is coming
from clockwise from north

S Ground temperature ( degrees Kelvin)

TYPE 3 - LAYERED "M P' PROFILE

ITDE U VALUE and DESCRIPTICN

1 Signifying layered meteorological conditions
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1he series of cards following the MET1b free format data packet (TYPE 3 only) are:

CAR) #IA VARIABLE FOr44AT CARD

This card contains the FORTRAN variable format
to read 1 layer ( 6 items in each layer) of the
meteorological table. The order of the input
table is specified under the description in
CARD #2A.

See example of TYPE 3 METRO data packet below.

CARD(S) IZA LAYERED METIOROLOGICAL DATA

The layered meteorological data consists of 6
items in each layer according to the variable
format specified by CARD I IA. They are:

1. Height (meters) of density and temperature
2. Temperature (degrees Kelvin )
3. Density (kg/m**3)

4. Height (meters) o winds.
S. East component of wind (m/s)

(wind blowing torwards east)
6. North component of wind (ms)

(wind blowing torwards north)

CARD(S) #3A BLANK CARD(S)

Tis blalk card signifies the end of the table.

A maximum of 39 layers can be specified. If this value is exceeded, program changes are

necessary. See Section 8.5.3. The format card must specify the format of the 6 items. le

number of blank cards should be the same as the number of cards for each layer.

Examples of METRO data packets:

TYPE 1

" TR 02 DEFAULT$ RESIORE DEFAULT ATMSIMIRE 1 $

TYPE 2

METR 01 GROUND CONDITIONS
$ USE MErRO TYPE 2 (SPECIFIED G Mf CONDITIONS)
AIR DENSITY IS 1.17 K/I, WIND SPEED IS 10 VS,
WIND IS CCt4ING FRC' T1E EAST 90 DEGREES, GROUND
TEMPERATU.RE IS 289 DEGREES KELVIN. $

TYPE 3

METR 01 MET CONDITICNS FOR ROL)NDS 5124 TO 5169
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THE FOLLOWING TABLE IS A LAYERED MHEOROLOGICAL MESSAGE.
111E COLUItS ARE: 1. HEIQGT11MEERS) OF iEMP AND DENSITY
2. ThFMPERARhRE (KELVIN), 3. DENSITY (KQG**3), 4. HEIQIT
(METERS) OF WINDS, S. EAST WIND C Plb ENT (/S), 6. NORIl
WIND CCOPONENr.
SUSE TYPE 3 mi"TRO PACkExr (LAYERED), '8ll- FOimAT IS $
(F6. 1, SF10. 0)

0.0 300.73 1.16797 0.0 -3.749S 1.1118
304.8 299.83 1.13433 304.8 -2.5638 -1.3424
609.6 297.39 1.10590 609.6 -1.3125 -2.5714
914.4 293.96 1.08120 914.4 -0.1536 -3.0S98
1219.2 292.43 1.04967 1219.2 0.1701 -2.9015
1524.0 290.49 1.02037 1524.0 -0.0444 -2.5S46
1828.8 288.63 0.99163 1828.8 -0.3735 -2.4936

2133.6 286.99 0.96250 2133.6 -0.82S6 -2.9002
2438.4 28S.23 0.93493 2438.4 -1.0068 -3.4127
2743.2 283.73 0.90670 2743.2 -1.0664 -3.5984
3048.0 282.16 0.87890 3048.0 -1.2161 -3.5510
3352.8 280.59 0.85177 3352.8 -1.5483 -3.2232
3657.6 279.19 0.82483 3657.6 -2.0625 -3.1227
3962.4 277.43 0.79957 3962.4 -2.22S5 -3.0280
4267.2 276.06. 0.78370 4267.2 -2.2891 -3.4152
6096.0 276.06 0.78370 6096.0 -2.2891 -3,4152
hIS IS A BLANK CRD

6.2.6 MISSICN Data Packet

The MISSION data paxcket (randatory) specifies:

1. The number of rounds to analyze or
number of Monte Carlo runs to simulate.

2. The program run mode
a. Simulation on an internally generated trajectoly.
b. Simulation on an externally generated trajectory.
c. Real data reduction.

3. That the external trajectory for simulation or
real measurements is on cards or tape.

CARD I I PACkeT NAM CARD

col 1-4 "MISS"
col 11-12 01
col 13-72 Alphanumeric description (optional)

The required input IT-S for the MISSION packet are:

ITIM N VALUE and DESCRI1yrION

Number of Ninte Carlo runs
if simulation or nuber of round if
real data (no default)

2 Program run mode (no default)

I Complete simulation
2 External trajectory for

simulation with dat, on tape. *
-2 External trajectory for

simulation with data on cards. *
3 Real data reduction with

data on tape. $
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-3 Real data reduction with
data on cards. $

*refer to section 6.2.8 for specifying the ESF origin of the

external trajectory.
Refer to section 6.4 for the CATE.R input deck
structure when using an external trajectory is input.

SRefer to section 6.3 for the LOCATER input deck
structure when the real data is to be analyzed.

Example of MISSION data packet:

MISS 01 CONTRLS FOR HWLS ANALYSIS
$ ANALYZE 14 RUJNDS OF DATA, P!R)GRM RUN
MODE IS 3, DATA CN MAG TAPE 3 $

The MISSION data packet is mandatory to do a siiulation or real data reduction.

6.2.7 %ULTIPATW Data Packet

The \ULTIPAIh data packet allows the user to modify generated elevation measurements

by two multipath models:

I. Miltipath error is a damped sinusoid
about the true elevation.

2. A table of multipath errored elevation
vs. true elevation fora given geometry
or type of terrain.

IM 5 of the WASUM data packet must be a 1 for addition of multipath errors in

measurement generation.

MODFL 1

4JLTIPATH model assumes an unerrored elevation E and computes the multipath error AE

Al = -A exp(DF)cos -(), -

A is amplitude of error (radians)
D coefficient in damping term (radians)
P period (radians)
0 phase (radians)

CARD #1 PACKT NAME CARD

col 1-4 HiLT
col 11-12 01
col 13-72 Alphanumeric description

The required input parameters for a ?4ULTIPATh ata packet using model are:
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ITEM I VALUE and DESCRIPTION

1 1 Signifies multipath
mcdel #1

2 The amplitude, A (radians) of
the multipath error

3 The damping ter, D (radians)

4 The period, P (radians)

S. The phase, 0 (radians)

Fxample of MULTIPATh model i data packet:

M[JLT 01
$ USE ?ODEL 1
AMPLITUDE IS .006 RADIANS
DAMPING COEFFICIENT IS .020 RADIANS
PERIOD IS .005 RADIANS
PHASE IS .261 RADIANS$

MODEL ?
jaltipath model 2 expects an input table of errored elevation vs. unerrored elevation.
CARD 1l PACKET NAME CARD

col 1-4 'I ' LV
col 11-12 01
col 13-72 Alphanumeric description
The required input ITEMS for model 2 of the MJLTIPATH packet are: '

ITEM VALUE and DESCRIPTION , -i

12 Signifies model 2

The series of cards following the NK4LTIPATh free format data packet (.JDEL 2 only) are:

.) I 1A VARIABLE FORAT CARD

This card contains the FORTRAN variable format to
read a pair of uner'ored and errored elevation
measurements.

CARD(S) N 2A ERRORED ELEVATION MULTIPATH TABLE

Each CARD #2A will contain a pair of unerrored
elevation and multipath errored measurements according

£ to the variable format CARD I 1A.

The maximum number of table entries is 99.

CARD # 3A BIANK CARD it

This card signifies end of input for the multipath table.

Example of MJLTIPATH model 2 data packet:
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~U~r 01 ?4JLTIPAHti~ I $ USE ?41)E 12 $
(FS. 3,1X, FS. 3)
0.000 0.010
0.002 0.006
0.004 0.000
0.005 - .004
0.010 0.005

00,017

0.00 0.025

0.060 0.061
(blankc card)

6.2.8 ORIGIN Data Packit

The ORIGIN data packet specifies the origin of the external trajectory when the

program run mode is simulation on an externally generated trajectory, i.e., ITEM 2 of the

MISSI!tq cLta packet is + 2.

CARD 1 l PACKET NAM.I CARD

Col 1-4 loopRiG
col 11-12 01-OS This numibe.r muzst be identical

to the RADAR packet number which is
specified by ITM #2 on the TRACK data packet.

col 13-72 Alphanumeric description

The required input ITlMS for the ORIGIN packet are: 4

ITM I VALUE and DESI3S(R1'f

1 East UIM location of origin (M)
2 North UIM location of originCM
3 Altitide CM.) of origin above

sea level.

Example of ORIGIN data paicket:

ORIG 02 MK. SCL1- FEMA
98.5 DEG WEST LONGiTUDE, 34.5 DE1G. NORTH LATITUDE
$ [DATA BASE ORIGIN IS LOCATED) AT
S4600 ME3ERS EAST i
3817000 METERS NORTH
ALTITUDE OF 335 ?.fTERS$

For this example the RADAR number
CITEM 2 of the TRACK packet) would be a 2.

6.2.9 OUTPUT Data Packet

The (XJTPUT data packet controls:
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1. All printed output from LOCAITR 9.
2. Tape output
3. Plot output

LOcTER has at present 9 output SECTIONS, SECTION 1 to scriw 9, which are controlled by

SoUPur 01 to ourpur 09 data packets, respectively. Section 6.5 contains examples of each output

SEcTiO. A list of ouTrPUr data packet defaults are given at the end of section 6.2.

NOTE: The word "SECTION" refers to the LOCATER REPO"1' (printout) while "section" refers to

this document. -4

CARD # 1 PACKET NA CARD

col 1-4 OUTP"
col 11-12 The appropriate LOCATER OUTPUT data

packet number 01-09 A
col 13-72 Alphanumeric description

The required input ITMS for each OUTPUT section follows. 'A

6.2.9.1 OUITPUT 01 - Input Card Listing

ITD4 # VALUE and DESCRIPTION

1 0 Do not print LOCATER input cards
1 Print LOCATER input cards. Default (1)

2 0 Do not dump common storage
arrays. Default (0)

1 Dump storage arrays (3 pages).
If an error detectable
by LOCATER occurs, the arrays are
dumped regardless of the option chosen.

4

6.2.9.2 OUrPUT 02 - Trajectory Coverage

sECriON 2 of the LOCATER REPORT will generate a trajectory coverage interval

for a specified radar weapon systerr, and is controlled by the OurPur 02 data packet. Refer to ii

section 6.5.2 for an example:

1TDI # VALUE and DESCRIPTION

1 0 No output from SECI'ON 2
Default (0)

1 Generate SECTION 2 ICATER output 4

2 RADAR packet number from 1 to 5

3 WEAPON packet number from I to 5

4 Time (sec) at start of coverage interval.
A -999 will result in radar coverage from *

launch.

7 4
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OUrPUT 02

S l'i.v increment between samples (sec)

6 Time (sec) at stop of coverage interval.
A -999 will result in radar coverage to
weapon impact.

7Trajectory printout fonlmt switch
0 .no printout
1 Trajectory is in a I.S1: cartesian system(m-m-m).
2 Trajectory is in ixlar RfE. coordinate

sys teln.

8 Trajectory tape output switch
0 No tape wite
1 'trajectory is ir, a ESF cartesian coordinate

system.
2 Trajectory -s in v RA polar coordinate~system .

Refer to section 8.6 for tape uit number.

i ~6.2.9.3 LWfPLtr 03 - KILE Iterations A

SECIT(N 3 prints out the state vector and computed perturbation following each

iteration of the filter and is controlled by the OLWrI'U 03 data packet. Refer to Section 6.5.3

for sample outpult.

ITSM # VALUE and DESCRIPTION

1 0 No output. Default (0)
1 Generate SEC IION 3 of LOCAITR REPORT

2 Generate SECIION 3 for a specified number
of Monte Carlo rans. If 0, SECTION 3
will be produced for all runs.

6.2.9.4 JUFPU' 04 - Measurements File

SECTI N 4 of the LOCATER REPORT will dump the measurements file to the

printer, and is controlled by the OUrPUr 04 data packet.

ITFM # VALUE and DESCRIPTION

1 0 No output
1 Generate SECTION 4 of LOCATER REPORT.

Default (1)

2 Generate SI'ION 4 of the LOCATER

REPORT for a specified # of Monte Carlo
runs or rounds. Default (1).
If IT 2 is 0 SETIN 4 will be produced
for all monte carlo nis.
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6.2.9.5 0fPU1T 0S - Covari~mce W.trix

SECTION 5 of the LOCATER REPORT will print out the state covariance matrix and

correlation coefficients, and is controlled by the OUTPT 05 data packet.

ITEM # VAWlE and DESCRIPTION

0 Nooutput
1 Generate SECrION S of the LOCATER REPORT

Default (1).

2 Generate SECTION 5 for a specified #
of Monte Carlo runs or rounds (defaultul)
If ITE 2 is 0, SECTION 5 is output for
all-runs. Default (1)

6.2 9.6 OUTPUT 06 - Trajectory Parameters

SECTICN 6 of the LOCATER REPORT prints out the following:

1. Launch velocity, azimuth of fire and
quadrant elevation for the estimated
traje:tory.

2. Average weighted squared residual error
for each masurement component.

3. Number of iterations to converge for each
estimated trajectory.TTl '

ITEM! 4 VAWFI and DESCRIPTION

1 0 No output
1 Generate SECTION 6 of the LOCATER

REPORT. Default (1)

2 Extrapolation condition for each
estimated trajectory. Default (-2)
A negative option will use a pre-apogee
value, a position option will use a post-
apogee value.

±1 Specified altitude intersection
i2 Topographic intersection*
3 Extrapolate to specified tag time

±4 Extrapolate to specified elevation

3 The value according to option specified
by ITEM 2.

If ITEM 2 is
±1 Value is altitude (meters)
±2 Value is zero (default)
3 Value iq a time (seconds)
±4 Value is elevation (radians)

*Refer to TOPOGRAPHIC data packet, section 6.2.13, for

various terrain types.

If the default OUTPUT 06 and TOPOGRAPH 01 data packets are used, each estimated trajectory
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will be back extrapolated to the input height of the weapon (specified by IJlBI 4 of fie WYMtN
data packet).

6.2.9.7 0Tl'PlT 07 - Track Residuals

SECTION 7 of the LOCATER TEST REPOKI' prints out differences between the

measurements and the estimated t'ajectory for each measurement component. SECTION 7 is

controlled by the OUTrPUr 07 data packet.

ITEM # VALUE and DESCRIPTION

1 0 No printed output
1 Generate SECTION 7 output. Default(l)

2 0 No tape output. Default(O)
1 Write residuals to tape for subsequent

plotting.

3 Generate SECTION 07 output for a specified
number of runs. If ITEM 3 is zero,
SECTION 07 is produced for all runs.
Default (1)

6.2.9.8 OUTPUT 08 - Estimation Statistics

SECTION 8 of the LOCATER ITST REPOI' prints out state estimation paramlters

for each fit trajectory, and is controlled by the 0TIPUl' 08 data packet.

ITEM # VALUE and DESCRIPTION

1 Generate SECTION 08. Print statistics
on drag, spin, wind, biases and iultipath
parameter estimation.
Default (1)

6.2.9.9 OUTPUT 09 -Weapon Location

SECTION 9 of the LOCATER REPORT:

1. Controls the extrapolation of each fit
trajectory according to a specified option.

2. Computes position differences between nominal and
estimated trajectory for each run.

3. Computes CEP (median miss distance).
4. Plots miss distances.

ITEM # VALUE and DESCRIPTION

1 Option for extrapolation of estimated
state vector. A negative option means
the value will be at pre-apogee, a ,.sitive
option means the value is at post-apogee.
Default (-2)
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wrMIr1 09

il Extrapolate state vector to a
specified altitude,

±2 Etaoaestate vector to a topogrophic

For options 2 or -2 when no topographic
or -1 with the altitude being that of
the weapon.

3Extrapolate toaspecified tag tim.

t4)xtrapolate to time relative to
last track tine.

2 Value according. to option specified
by 111 1. If option in 113 1 is

±1 Value is altitude (meters)
±2 Value is zero
3 Value is time (sec)

±4 Value is time increment (sec)

3 0 No plot
1 plot miss distances. Default(l)

111-M 1-3 amy be stacked uip to 33 times. The ou~rPt' 09 controls can be used to simulate a

predictor type interceptor model or launch point location errors.

CoJ1V1JF DATA PACwLr DrEFAULT Iammy

ourpu l 01iNPUr CARDS/SORAGE ARRAYS

ITETM 0 De fault
11 Print LOCNFER Input cards

2 0 Do not dump) storage arrays

WFrpuI 02 TRAJEOFORY COVRAGE

112DI Default
1 0 No coverage

All other ITFMS are tundefined

wurpur 03 MAXINI~ LIKELY ESTINIXI' ITERAIlN SECIION

ITM De fault
10 No swC1ION' 3 output

All other ITM~S are tundefined

ourpur 04 WASURTINI'S FIU

ITEM ft Default
1 1 Generate sECFiO 4 oitput
2 1 Print measurement for only I run



OUTPUT SIftiARY
(1rJPUT 0s STATE COVARIANCE MATRtX

ITEM N Default
1 1 Generate SECrltIN 5 output
2 1 Print covariance for 1 run

OUTPUT 06 TRAJECTORY PARAM-TRS

ITIEM 0 Default and Description
1 1 Generate SECTION 6 output
2 -2 Define trajectory paraeters at launch.
3 0 Use topographic height at weapon location.

OJTPUT 07 TRACK RESIDUALS

ITEM # Default and Description
1 1 Generate SECTION 7 output
2 1 Residuals written to tape *

3 1 Residuals plotted for 1 run

OUTPUT 08 ESTIMATION STATISTICS

ITEM # Default nd Description
1 1 Generate SECTION 8 output

OUTPUT 09 WEAPON INTERCEPr

ITEM # Default and Description
1 -2 Compute miss distances at
2 0 launch height of weapon ind
3 1 plot miss distances

Each default OUIlPUI' data packet is defined in subroutine INITAL.

6.2.10 RADAR Data Packet

The RADAR data packet allows the user to specify up to five radar models. The

paraet,rs include:

1. Location coordinates
2. Environmenta! errors (biases, thenril, and

jitter noise)3. Sensi'%ivity and detection threshold

CARD N PACKET NAME CARD

col,1-4 "14DA"
col 11-12 01-05
col 13-17 Alphanumeric description (optional)

There are no default RADAR data packets.

The required input ITFtS for the RADAR packet are:

ITEM ft VALUE and DESCRIrION

1 East UJM coordinate (meters)

79

-'-Z,



RADAR

2 North UIM coordinate (meters)

3 Height above sea level (meters)

4 Longit-Ade (0 to 2 pi radians) measured
east from the Greenwich meridian,

S Latitide (radians) measured from -pi/2
south pole to pi/2 at nortl pole.

If multiple radar run the longitude and latitude of the radars, except for the base radar,

should be zero.*

Items 6-10 are flags (0 or 1) specifying the radar measurement space. A zero signifies

that the measurement was not tnken.

6 Range measurement flag

7 Azimuth measurement flag

8 Elevation measurement flag

9 Doppler measurement flag

10 Signal noise ratio measurement flag.
SNR is used to compute measurement
weights in the filter. If SNR was not
measured, a value based on range
**4 will be used (refer to
section 5.4)
If program run is complete, simulation
ITEI1 10 should be 0.

ITEN 11-14 are radar biases used in measurement generation. ITENI 1 of MEASURE data

packet (SECTION 6.2.4) must be nonzero to include biases. If the measurement component is not

part of the radar measurement space, ure a zero.

11 Range bias (meters)

12 Azimuth bias (radians)

13 Elevation bias (ra-ians)

14 Doppler bias (m/s)

ITEMS 15-18 are sigmas of range dependent (thermal) errors used in measurement noise

generation. ITEM 2 of the MEASURE packet must be 1 for thermal errors to be included. If the

radar does not take a particular measurement use zero for the appropriate thermal error.

s 1Sigma of rnge-dependent range
noise (meters)

16 Sigma of range-dependent azimuth
, noise (radians)

17 Sigma of range-dependent elevation
noise (radians)

18 Sigma of range-dependent doppler
noise (,'s)
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ITEMS 19-22 are sigmas of range independent (jitter) noises used in measurement

generation. ITEM! 3 of the MEASURE packet must be 1 for jitter errors to be included. If the

radar does not take a particular measurement use zero for the sigma.

19 Sigma of range independent range
noise (meters)

20 Sigma of range independent azimuth
noise (radians)

21 Sigma of range independent elevation
noise (radians)

22 Sigma of range independent doppler
noise (meters/sec)

23 Reference range (sensitivity
parameter)
Range (meters) at which a 1 square
meter target (0 dbsm) returns a
signal noise of 0 db.

24 Detection threshold (db)
Radar measurements with computed or
measured signal noise ratio less than
the suecified threshold will not be
included in the estimator. 4

25 Frequency (110

26 Elevation beammidth (radians)

ITEMS 27 to 33 are considered removable biases and multipath model parumeter errors from

the measurements. If any parameter is to be estimated, the value specified will be used as an

initial value. Refer to the description of the ESTIMATOR data packet (section 6.2.3) for

estimation of bias and multipath errors. A bias is defined to be a neasured minus estimated

quantity.

27 Removable range bias (meters)

28 Removable azimuth bias (radians)

29 Removable elevation bias (radians)

30 Removable doppler bias (meters/second)

Refer to section 5.5.1 for a description of n ultipath parameters.

31 Wltipath A parameter

32 Nk tipath B parameter

33 Mltipath C parameter

* For multiple radar projectile tracking a base radar is chosen which is speci fled by I11'N 2
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of the TRACK data packet. For each additional RADIAR data packet specified in the TRACK packet,

ITiD!S 4,S,and 27-33 of that RADAR packet should be zero as these values will be defined later.

This means that biases can only be estimated for the base radar (assuming that the other radars

have negligible or known biases)

Example of the RADAR data packet:

RADA 02 TPM- 5
T1E TPM-S IS AN RAE HORIZON SCANNING PESNCE ]WAA
LOCATED AT 98 DEG 4S MIN W., 34 DEG 30 MIN N.
$ LOCATION~ AT Fr. SILL, OKLA[IOMA 52300 W.E1'RS E,
1700 METERS No HIEIGHT 375 METERS.
LONGITUDE 4. 5S9673 RADIANS MEASURED EAST OF
GREENWICH. LATITUDE .602139 RADIANS1
MEASUREMENT SPACE IS RANGE (1), A7,INIMf (1) AND
ELEVATION4 (1) NO DOPPLER (0) OR SNR (0) '
BIASES 1,0 M RANGE, .0005 RADIAN AZ,.0005 RADIAN ELEVATION
AND 0.0 M/S DOPPLER.
ilIERMAI, ERRORS 3.0 M, .004 RADIANS, .004 RADIANS, 0.0 H/S
JITITER ERRORS .3M, .0005 RADIANS, .0005 RADIANS, 0.0 M/S
REFERENCE RANGE (RANGE AT MHICH A ZERO DBSM TARG.---T
RETURNS A SNR OF ZERO DB) IS 636000 METERS.
lIHE DETECTABILITY THIRESHOLD IS 12 DB
FREQUENCY IS X BAND (9500000000 HZ)
ELEVATIONJ BEAMWIUI'H IS .017 RADIANS
NO REMOVABLE BIASES 0.0 0.0 0.0 0.0
NO REMVABLE ?&JLTIPATHi 0.0 0.0 0.0

6.2.11 WWIXI Data Packet I
The RANDCM packet initializes the LOCATE'R random number routine.

CARD N 1 PACKT NAME CARD

col 1-4 tRAND
col 11-12 01
col 13-72 Alphanumeric description (optional)

The required input ITM for the RANDOMI packet are:

ITDM 0 VALUE and DESCRITION

(default is 1010101)

Example of RANDOM' data packet:

RAND 01 SEED INITIALIZATIONt
$ USE 3011 !:OR RANDOM1 NtfBER SEED$
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kI 6.2.12 RCSTABLE Data Packet

The RCSTABLE data packet allows the user to use a RCS vs aspect angle table to model

signature fluctuations. To use a RCS vs aspect table, ITEN 13 of the WEANTj packet must be a 1.

CARD # 1 PACK'T NAME CARD

col 1-4 "RCST'
col 11-12 01-05 ITI1 14 of the WEAPON

packet must be the same number.
col 13-72 Alphanumeric description

CARD #2 FPAOAT CARD

The format to read in each pair of aspect angle

and RCS values ,i.e., two format items.

CARD(S) #3 TABLE CARDS

The table of Aspect Angle (degrees) and RCS
values (dbsm) according to the format card.
There is a maximum of 99 allowable entries.

CARD(S) #4

Blank card signifying end of table

Example of RCSTABLE data packet: j.
RCST 03 STATIC C BAND TABLE
(F3.0, lX, F3.0)
000 010
005 008
010 003
011 -20
012 -16
013 00S
020 12
050 -12
090 -06

blank card

This would result in the table:

Aspect Theta(deg) RCS(dbsm)

0.0 10.0
5.0 8.0
10.0 3.0

11.0 -20.0
12.0 -16:0
13.0 5.0
20.0 -12.0
50.0 -12.0
90.0 -6.0

8 3
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6.2.13 TOPOGRAPH Data Packet

The TOPOGRAPH data packet allows 3 types of terrain:

1. Use WEAPON altitude for constant map height.
. 2. Use constant specified altitude.

3. Use digital topographic rectangular map.

CARD # 1 PACKET NAM CARD

col 1-4 "TOPO'
col 11-12 01
c l 13-72 Alphanumeric Description

The required input ITWMS for the TOPOGRAPHIC data packet are as follows:

,* TERRAIN type 1 - constant weapon altitude (default)

ITEM # VALUE and DESCRIPTION

1 0 signifying terrain type 1.
Default (0).

2 Uncertainty (meters) in measurement
of ground height above sea level. If real data
run mode, ITEM 2 should he zero. Default
(0.0)

TERRAIN type 2 - constant specified altitude

ITEM 0 VALUE and DESCRIPTION

1 1 signifying terrain type 2

2 Uncertainty (meters) in measurement
of ground altitude

3 Ground altitude (m) above sea level

1TERRAIN type 3 - digital topographic map

ITE t # VALUE and DESCRIPTION

1 2 signifying digital map mode.
2 UIM east coordinate of lower SW

corner oi map (meters).

3 UTM north coordinate of lower SW
corner of map (meters).

4 Number of columns (S to N) in map.
5 Number of rows (W to E) in map.
6 East grid spacing (meters).
7 North grid spacing (meters).

At present, terrain type 3 ;.s unimplementeo.

6.2.14 TRACK Data Packet

The TRACK data packet specifies the RADAR - WEAPON combinations and determines track

segments depending on specified radar -overage limits. There are no defaults for the TRACK

.t
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packet.

CARD N 1 PACKET NAm CARD

col 1-4 "rRAC'
col 11-12 01
col 13-72 Alphanumeric description

The required input IT1emS for the TRACK data packet in complete simulation mode are:

ITEM # VALUE and DESCRIPTION

1 Packet number of WEAPON
to be used, from 1 to S.

Packet number of RADAR
to be used, from I to S.

SreNumber of track intervals

ITENG 4-8 are repeated for each track interval.

4 Coverage option at start of interval
+1 specified altitude
+2 topographic map intersection3 specified time
+4 specified elevation

If the option is negative the
value will be pre-apogee, if the
option is positive the value will
be post-apogee. An option of -3
is illegaL.

The value according to the option
in ITBI 4. If the magnitude of ITEM 9' is
I value is altitude (meters)
2 value is 0.0
3 value is time (sec)
4 value is elevation (radians)

6 Coverage option at end of
track interval. See options under ITEM #4.

7 Value according to option
specified by ITI 6.

8 PRI (pulse repetition interval)

in sec.

ITgS 2-8 are repeated for each RADAR that is tracking the WEAPON. The total number of

ITIS must be less than 100.

The required input ITIS of the TRACK packet for external trajectory input or real data

analysis are:

IT. # VALUE and DESCRIPTION

1 Packet number of WEAPON to
be used.
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TRACK

2 Packet number of first tracking RADAR.

3 Packet number of second tracking RADAR.

ITMI4 2 is repeated for each tracking radar.

Refer to section 6.4 for LOCATER deck structure when external data or real measurements

Sis to be analyzed.q

Refer to section 6.2.10 for description of multiple radars.

Examples of TRACK data packets:

TRAC 01 COVERAGE LIMITS FOR NPS-33
$USE WEAPON 1 TRACKED BY P.ADAR 2
'THERE ARE 2 INTERVALS:
THE FIRST ImrVAL
PRE-APOGEE ELEVATION -4 VALUE IS .05 RADIANS
PRE-AP'r:E- ELEVATION -4 VALUE 1.0 RADIANS
PRI (FULSE REPETITION FREQUENCY) OF .S SECONDS.
THE SECOND INTERVAL
TIN. OPTION 3 VALUE OF 76 SECONI TO
POSf-APOGEE ALTITUDE OPTION 1 VALUE 100 M,TERS

PRI .4SECO.DS

TRAC 01 REAL DATA
$USE WEAPC.\l 1 TRACKED BY ILTIPLE RADARS 1,2,4$

TRAC 01 MULTIPLE RADARS NONSIMULTANEOUS W-4SUPETS
SUSE WEAPON 2 TRACKED BY
RADAR I (HEMISPHERIC COVERAGE)
1 INTERVAL, PRE-APOGEE ELEVATION OPTION (-4)
VALUE OF .0873 TO PCST-APOGEE ELEVATION
OPTION (4) VALUE OF .0873 ,PRI 2.0 SECONDS
AND
RADAR 2 (FENCE)
1 INTERVAL, PRE-APOGEE ELEVATION OPTION
(-4) VALUE OF .0175 RADIANS TO
PRE-APOGEE ELEVATION OPTION (-4)
VALUE OF .07 RADIANS PRI=.1 SECONDS $

TRAC 01 REAL DATA SINGLE RADAR
$USE WEAPON #3 TRACKED BY RAMAR #i $

6.2.15 Wr.AON Data Packet

The WEAPON data packet defines the metric state vector of the projectile, the radar

cross section (variable or constant) and chooses a set of meteorological conditions.

j
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WEAPON

There are no defaults for any WEAPON packet.

CARD 1 PACKET NAME CARD

col 1-4 'fAP"
col 11-12 01 to 05
col 13-72 Alphanumeric description

The required input IS for the WEAPON data packet are:

ITEI 0 VALUE and DFSCRIIPrION

1 Tag time associated with input
state vector (secy. Usually 0.0

2East coordinate of weapon in"

UIM (meters)

3 North coordinate of weapon inM1~ (meters) 3

4 Height of weapon above sea
level (meters)

S Projectile initial velocity
(m/s) .'

6 Azimuth of fire (mils)
measured clockwise from north
0 to 6400 mils.
(3200 mils = pi radians)

7 Quadrant elevation (mils)
0 is horizontal, 1600 is vertical

8 Projectile diameter (meters)

9 Projectile moss (kg)

10 Scale factor for drag table
(nominally 1.0)

11 Drag curve nunber. At presentonly I drag curve is implemented
so use I

12 MERO0 packet nimber
fr'om 01 to OS. If no METRO

packet is defined, the default
atmosphere is used (SECTION 6.2.5)

13 RCS (radar cross section) option0 constant RCS
I table of RCS vs aspect angle

14 If ITEDI 13 is 0, RCS value
(dbsm). If ITEM 13 is 1 the
RCS table number from 01 to 05
(Section 6.2.12)

Is Spin state (mss).

16 DRAG uncertainty ex. .05
0 if real data analysis
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WEAPON

17 Spin uncertainty
0 if real data analysis

Example of WEAPON data packet:

WEAP 03 155 NH HOWITZER
QE=45 DEG, AZINIMJ=37 DEG, CHARGE 7W
$TAGTIME 0 SEC, POSITIONS EAST,NORTH 20000.0,27000.0 M
ALTITUDE OF 78 METERS. INITIAL VELOCITY 564 K M3,
AZIMJTH OF FIR9 658 MILS, QUADRANT ELEVATION
800 MILS, DIAMETER .155 M, MASS 43.5 KG, DRAG
SCALE FACTOR 1.0, CURVE #1, USE
METEOROLOGICAL SET 1.
USE CONSTANT (0) RCS OF -10 DBSM, SPIN STATE 4
.2 "KG, DRAG UNCERTAINTY .05, SPIN
UNCERTAINTY 0.0$

6.2.16 VECTOR Data Packet

The VECTOR data packet is optional and allows the user to specify a starting state

vector for the maximum likelihood estimator.

CARD It1 PACKET NAME CARD' "VECTI

L. i col 1-4 V
col 11-12 Packet number 01-05

ITEM 3 of the ESTIMATOR data
packet must be the same.

col 13-72 Alphanumeric description

The required input ITEMS for the VECTOR packet are:

ITEM N VALUE and DESCRIPTION

1 Tag time of state vector (sec)

2,3,4 Positions X,Y,Z .in ESF (meters)

5,6,7 Velocities X,Y,Z (m/s)

8 Drag state (mm/kg)

9 Spin state (m/ss)

10,11 East, north ground wind
components, If METRO " icket is
layered, ITEMS 10,11 ie ignored.

Example of VECTOR data packet:

VECT 02 APRIORI STATE VECTOR
$ TAG TIME OF 0 SECONDS
ESF POSITIONS RELATIVE TO RADAR 20000 M E., 1000 M N., 100 M UP

VELOCITIES -100 M/S, 275 1M/S, 300 M/S
DRAG STATE .0005564 ?*i/KG
SPIN STATE .15 M/SS A,

NO EAST WIND C(Q1PON01T 0 M/S
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VECTOR

WIND BLOWING TOWARDS NORTM 10 M/S $

ITUiC3 of the FSTIMATOR data packet would be a 2.

6.3 Real Data Analysis

Real data analysis was primarily included in the )OCATER program for validation of the

estimation theory and the projectile dynamic model.

Features of real data analysis include:

4

non- simultaneous measurements.

2. Each tracking radar's measurement space
may be subset of range, azimuth, elevation
or doppler.

3. Weapon information (true launch point,F l projectile type or cross section) is optional
input. See section 6.2.15 WEAPtON data packet.

4. Optional state vector initialization from
the measurements. See section 6.2.3
ESTIMATOR data packet.

S. Optional usage of measured signal noise
ratio for computation of measurement weights.

6. A priori radar biases may be removed.

7. Optional automatic data editing. See
section 6.2.2 EDITOR data packet.

8. Layered meteorological conditions including
winds, temperature and atmospheric density.

9. The measurements can be on magnetic tape,

disk file or cards.

The mandatory data packets for real data analysis are:

1. MISSION (section 6.2.6)
2. TRACK (section 6.2.14)
3. ESTIMATOR (section 6.2.3)
4. RADAR (section 6.2.10)

The real data analysis run mode of LOCATER is set by ITII #2 of the MISSICN data packet.

If ITD1! #2 is 3 the measurements are on magnetic tape, if -3 they are on cards.

If the real data is on cards, the following sequence of cards must follow the ILOCATER END

card of the appropriate case.

CARD #1 VARIABLE FORMAT CARD

This card contains a FORTRAN variable format description to read the time and associated

measureents. The order that the values must be read.are:
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1. Time
2. Range
3. Azimuth
4. Flevation
S. Doppler
6. Signal noise ratio.

If any particular measurement is not included in the radar measurement space the format

for that item would not be specified. ITE4S 6-10 of the RADAR data packet specify the

measurement space of the radar. For example if the radar does not take elevation then ITEM 8

of the RADAR data packet must be a 0 and the format item for elevation would not be included in

the variable format card.

Example:

Assume the radar measurement space is range,
azimuth and doppler, only.
A sample data record has the values doppler, time,
azimuth and range in the following format.

(F12.2, P15.4, F1I.8, F12.2)

The input orde that LOCATER requires is time, range,
azimuth and doppler. The variable format
CARD #1 would then be

(T13, F15.4, T39, F12.2, T28, F11.8, Ti, F12.2)

CARD #2 TITLE CARD

This card contains an alphanumeric description of the following data set in columns 1 -

80.

CARDS #3 DATA CARDS

The data cards contain the time and measurements according to the variable format card

specified on CARD# 1. The units for the data are:

1. Time seconds

2. Range meters
3. Azimuth radians
4. Elevation radians
5. Doppler meters/second
6. SNR db

CARD # 4 BLANK CARD

This card signifies that the data set has been input. Note this card must be on same unit

that CARDS # 2 and 3 are on.

CARDS # 2-4 are repeated for as many rounds as specified by ITEM # 1 of the MISSION data

packet.

if the data is on magnetic tape CARDS 4 2-4 will be on tape while the fonat card will

always be a card. The CARD # 4 may be a blank card or a tape mark (EOF). The tape must be

II
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attached its TAP112. See iectlon 6,5.2~.

IUMIR TO SUiCI'I( 7. 1 FOR MN HXN4'Ia Oil RHAL MMI~ ALAI1S WIWN '119' RP.AL IWIVA S1~r I$ ON~

Vor analysis of multiple r. dar data tile sequence of datil following thle 1=1131ki IINi) curd of

the appropriate case Is:

CARD) I4 I abl cariutcWfrfrtrd~
CARD 02 Title card ofo data "t I forfisrar
OWDiS 03 iata cardis of sot I for firstd radar

CA) 4 blank card

CAWl 12 title card fo data sot I for firont radar
CARs 03 data cards of se-t 2 for firstd radr
OAW 04 blank card
CAUD # 2 title card of data set 2 for fisto raar
CARM 13 data cards of set 2 for seiosd radar
CAR 04 blank card

MIRD #2 title card of data set N for seirnd radar
CARDS #3 datat cards of set N for firont radar
CARD 14 blank card

CARD #2 title card of d sot N for econd radar
CARDS 13 data cards of set N for firost radar
MW~J #4 blank card

6.4 Elxternal hiput Trajectory

The flow of IMOCTIR in cotiplete simulation myo Is-,

1. (k.norato a trajectory segment using
tile internal dynamics of LOCATUR.

2. kid radar noise errors to produce measuremtsnts.
3, listinate at state vector through tile measuremelnts.

Tile external Input traj ectory mode replaces stop 1 In thc above flow hence penal tting thle

usage of trajectories generated by highler level dynlamics (3 MOF moified point iiass tritjectory

similator or at complete 6 DOP rigid body simlation).

Tile purpose of this Is to ascertain the effects of uising it simpler dyniaic mdl

e.g. ,model biases, timing, etc., for ostimation.

Features of thle external trajectory input ;iwilatlon !uaode are:.

1. Wkatiple radars making sivultaneous measurements I
2. B~ach radar may have at silbsot of thle measurement

space: Range, azimuth, elevation, doppler.
3. optional state vector initialization

from measurements.
4. Atomatic data editing. I
S, Layered meteorological condittons.
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rthe folloing data paickets are mandatory when using an externally input trajectory:

t . MISSION 6.2.6
2. TRACK 6.2.14
3, v.SrIMATuR 6.2.3
4. RADA 6.2.10
5. ORIGIN 6.2.8

The progrmn run mode. is determained by ITEM. #2 of the MISSIONJ data packet. If the mode is

-2 the external. trajectory is on cards., if +2 the external trajectory is on magnetic tape.

Jf the external trajectory is on cards it most follow the LOCATER WN card of the

appropriate case in the following sequenco. -

CAI) #I VARIABLE FORMAT CARD

This card contains a variable format description to read 7 items time, 3 positions, 3

velocities.

Example: CPIO.S,3Fl2.2,3F12.4)

CARD 02 TITLE CARD

Alphuiumeric description of data set.

CARD 03 ILX'INAL TRAJECTORY

The external trajectory in an FSF coordinate system according to the variable format card.

Items are: time (sec), 3 positions (meters), and 3 velocities (nis).

CARD #4 BLANK CAR

If the run mode is specified as +2 the CARDS #2-4 must be on magnetic tape. CARD #4 on

tape can be a blank record or a tape mark (flOF). The tape must be attached as TAPE 2. See

section 6.5.2.

REFER TO SECUX( 7.3 FOR A SAMPLE RUN USING AN E;XrERNALLY GENERAIT-D TRAJECTORY.

The processing of LOCATER is designed to be done in a batch or remote job entry type of

environment. This arrangement is ideal for parametric studies where the Input data deck is

continually being changed.

Section 6.5.1 describes the LOCATR run deck components:

1CQNTROL CARDS - cards necessary for attachment
of files, recompilations, data set definitions, and
program execution.

2. LOCATER source library changes.
The source for LOCATER is stored in a compressed format
called an UPDATE file. (7) This allows a unique identifier
for each card in the source file which may easily be
modified or deleted. An UPDATE libraiy can be
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completely restored to any previous level of operation. K
3. LOCATER INPUr CARDS

This is the input to the LOCATER program which
is described in Sections 6.2.1 to 6.2.16.

4. PLOT DESCRIPTOR CARD
This card of 80 alphanumeric characters will
appear on all plots for unique identification.

Section 6.5.2 is the list of control cards for the execution of

8the LOCATER program. SCOPE 3.4 reference manual.

The following files are LOCATER related:

1. LOCATERPI, source (FORTRAN) of I=)CER
in UPIE storage format

2. LOCATIERTEXTr binary of LOCATERPL

3. MATRIX binary of 20 matrix
manipulation routines

4. MISSCEPPL source(FORTRAN) of the miss
distance plotting program

S. MISSEPPTEXT binary of MISSCEPPL

6. RESIDIALPLOTPL source (FORTRAN) of the
track residuals plotting routine

7. RESIAIUALPIOTTEXT binary of RESIDUALPLOTPI.

Files 4 and 6 are not used for every run of I)CATER.

![

93

---------,A-A



6.5.1I LOCATER DECK SETUP (CMO 6600 -SCOPE 3.4)1

E ND OF F ILE CARD
6/7/8/9 punch In col I

PLOT DESCRIPTOR CARD
Section 6.8

END OF RECORD CARD

LOCATER INPUT CARDS

*END OF RECORD CARD

EOBITNDLOCARDS R CR

*if hero are no changes to the LOCATER progrom, the
cards with the are to be removod from the dock.
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'; I MAP (PART)
LDSUl'(R.IQOa..JX RISf' NZP

R6i1'LaUP4L, Il~1 I AT,

-d iSI I'e\Pfl1

#.If thore nz'o no sour'ce library changes the ["INPIV

sholild ba r-OPIlaLi by IwlIL

6.6 Storage, Rin Tim Istiinatos

The current core reqilretnents for cmecutlita of LOCNI'iiR is as follows,

La1bolled Conoll TT .W- I

Prognuam biunra' 20K 47K
Buffer storage 9.0K 47K
Systeni routins 14K 33K

Tatal 66K 200K

- An~ estintato of virtual run time for LCOUX1R can be deternd froni the folloinga foimala,

Il Tx .0\ Up -TIM



where:

1tun Time Central processing (virtual)
time of run in decimal secondsincitiJlng till 1/O

'I,  nd of track segment(sec) for
the kth segment

TI  Start of track segment(see) for
the kth segment

P S if the PRI (pulsed repetition
frequency) -, .S sec
PRI if PRI < .5 sec

k Nrrnber of track segments
N A ter of iterations

for estinator to converge which
is usually 2-3 based on a state
vector convergence of .5 m in each
position.

M Muwber of monte carlo runs
to simulate or rounds of real data

to analyze.
Lxample:

Statistics are avallable for analysis of 10 rotids of real data with each data set having

I track segment from 30 sec to SO sec with a, PRI of .2 second. The esttmato of rui tirm frov

the formula is 53 seconds while the actual run time was 58 seconds.

6.7 LO\11R IRER' Sections

lic output from the LOCAITZR program is divided into 9 sections, SECrILo 1 to 9. lach

section mty be cut into 8-1/2 x 11 in. pages to be put in a notebook. The 1LCAI1R title card

will appear at the top of each page while the section tuvber, date, tne and page natnbor will

be at the bottom.

Each output section contains the following: 4

SECI'ION 1 Input cards/packet storage arrays
2 Nominal radar weapon trajectory

3 Estimator iterative output
4 Track file (measui.ments and weights)
S State cvariance matrix and correlation

coefficients
6 Launch conditions and welghte

residiul statistics

7 Track rcsiduals
8 State estimation statistics
9 lWunch point locations

(miss distance)

ilie output for each LOCAVER SECI'ICN is controlled by the OUVPI'U data packet with the same:

nuiber, i.e., the WtiPU 07 data packet controls the printout for SEC'ICN 7. Various sections

like SECRI(S 2, 7 and 9 hav other than printed output which is used for external graphics

generation.
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The rest of~ section 6.7 describes the printout format of each SWXTIQ'4 of the LOCATER

REPORT.

61.7.1 S.,ctimi I - input Cards/Packet Storage Arrays j
Thiis output SECrHaN contains t

1. A copy of the input data deck
2. A list of the packet storage arrays names

and defined elements (3 pages)

j See section 8.3.1 for the description of the input storage array name~s for each packet

typ~e.

The following sample of SECF1Ct 1 produces the sample output from each SETION ink the

remainder of section 6.7.

[
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LOCATER PROGRAM SAbPLE CUPUT SECTICNS

---- INPUT DATA CASDS----

LCCATEP PROGRAM SAPPLI OUTPUT SECTIONS
MI$SION 01

USING 2 HlENISFPERIC COVERAGE FADARS w]:H A BASEIINE
OF 5 KH, T:ACK A LOW QE 105 MM MCF7AF SHOT.
SlU% 20 MONTE CARLO RUNS. COMFLETE SIMULATION MODE 1 $

WEAPON 01 LOW QE 105 MM NCPlAF
STAG TIME CF 0 $ECOND*, PGSITIONS ARE 10000 METERS EASI,
ScO METERS NORIH A' ALTITUDE CF 30 lEEEPS.
INITIAl VELOCITY (CHA.RGE THPEE) IS 393 m/S.
AZxMtiTH OF FIRE IS 5867 fItS CICCKIISE FROM NOFTH.
CUADFANT SIEVATICN 300 NILS.
SHELL DIAMETER .105 METERS, MASS 15 KG.
DFAC FACTOR 1.0, USE DRAG CURVE 1
USE METRO PACKET NUMBER 11
PCS CETION 0 (CCNSTANT VALUE) WHICH IS -12 DBSM.
SPIN CONSTANT IS .15 M/SS
DRAG UNCERTAINTY IS .05 (FIVE PERCENT), SPIN
UNCERtAINlY IS 0 $

RADAR 01 HC SOUTH
THE SENSOR IS A COMPOSIIE OF 2 HCB FArARS, WITH
THE SCUTHERNMCST SADAR TO BE CONSIRED THE BASE.
NON-SIMULTANEOUS aEASUREMENIS ARE 1AXIN.
SLOCATION 0 AETERS EAST, 0 MBIERS NORTH, AT ALTITUDE
OF 40 NETERS. LONGITUDE IS .174!3293,FADIANS,
LATITUDE IS .8725E463 RADIANS.
PADAR MEASURMMEN7 SPACE IS RANGE (1), AZIMUTH (1)

EIEVATICN(1) AND LOPPLEF(1).
ENR WAS NOT TAKEN 0.

BIAS ERSOS FOR MIASURE4ENT GENESAIICN APE
1.0 REIERS FANGE, .0009 FAD AZ, .00058 RAD EL,
AND .2 H/S DOPPLER

THE MA ERROR SIGMAS 50 N FANGE,.OS5 SAD AZ,
.0925 RkAD EL, AND, 9.7 H/S DCFTLER I

JITTEF EPRCS SIGMAS 5 M RANGE, .001 RAD AZ,
.001 R&D EL, AND .5 H/S DCXPL!r

4.rESENCE SANGE IS 159000 METERS.
MEASUREMEN1 THRESHOLD IS 13 DE. FREGUENCY 3300000000 HZ
ELEVATION FEARNIETH IS .0873 SADIANS.
NO REMOVABLE BIASIS 0 M RANGE, 0 FAL AZ, 0 RAD El,

0 HIS DOP-LEr,.
NO REMOVABRLE MUL:IPATH PARAMETERS A IS 0, D IS 0
C IS 0 $

RADAR 02 11CR NORTH
SLCCATION -500 METERS EAST, 5000 MEIERS NOaTl, AT ALTITUDE
OF 40 METERS. LONGITUDE IS CONUTED INTFRNALLY 0.0
lATITUDE IS CCMPUTED INTESNALIY 0.0
rADAR PEASOREMEN7 SPACE IS RA11GE 41), AZIMUTH (1)

EI VATIC(1) AND WOPPLER (1).
SNn WAS NOT TAKEN 0. '

SECTION 1 03/21/78 15.38.32 PAGE I
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LCCATER PROGRAM SAMPLE CUTPUT SECTICNS
&-
BIAS ERRORS FOR MEASUREMENT GENERITICN ARE

- .1.0 METERS RANGE, .0009 'RAD AZ, .00058 BAD EL,
AND .2 HIS DOPPLER

THEREAL ERROR SIGMAS 50 M RANGE,.092E BAD AZ,
* .0925 PAD EL, AND 9.7 HIS DCEPLER

JITTER ERR SIGMAS 5 M RANGE, .001' AD AZ,
.001 PAD EL, AND .5 N/S DCPPLEF

REFESENCE RANGE IS 159000 METERS.
MEASUREHENT THRESHOLD IS 13 DE. YREQUENCY 3300000000 HZ
ELEVATION EEAMWIETH IS .0873 RADIANS.
NO REMOVABLE BIASES 0 M RANGE, 0 BAD AZ, '0 AD El,

0 N/S DOPPLE.
NO PENOVABLE NULTIPATH PARANETEPS A IS 0, B IS 0
C IS 0 s

TRACK 01 MULTIPLE RADAP COVERAGE LIMITS
$USE WEAPCN PACKET 1
RADAR NUMBER 1, 1 TRACK INTERVAL,
PEE-APOGEE ELEVATION CPTION -4 VALUE OF .008 RADIANS

TO POST-APOGEE EIEVATION CPTICN 4 VALUE OF
.008 RADIANS. THE PRI IS 2.0 SECONDS.

RADAR 2, 1 TRACK INTERVAL
TIME OPTICN 3 OF .2-SECONDS TC POST APOGEE
ELEVATION OPTION 4, VALUE OF .008 RADIANS.
THE PEI IS 2.0 SECONDS.

ESTIMATOR 01

SUSE FILT-ER 1, USE SIGMAS IN FADAR FACKET 1 FOR WEIGHTS,
USE TRUE STATE VECTOR FOR INITIALIZATION -1, MAXIMUN
NUMBER OF ITERATIONS IS 20, PCSITICNAL CONVERGENCE
CETICK 1, VALUE = .5 METERS, NO APPIORI DATA 0,
ESTIMATE POSITIONS EAST 1 NORTH I HEIGHT 1

VELOCITIES EAST 1 NORTH 1 FEIGHT 1
DRAG 1 NO SPIN 0
NC WIND 0 0

No BIASES 0 0 0 0
NC MULTIPATH PARAMETERS 0 0 0

MEASURE 01 ERROR GENERATION
SIN SIMULATING RADAR MEASUREMENTS INCLUDE
BIASES 1,THERMAL ERRORS 1, JITTER ERRORS 1,
AND TROPHOSPHERIC REFRACTION 1, NC EUITIPATH 0 1

METEC 04 GROUND CONDITIONS
$ETRO PACKET TYPE 2 (GROUND CCNDITICNS)
AIR DENSITY IS 1.15 KG/MNM
WIND SPEED IS 5 N/S ( ABOUT TEN KNCTS)
WIND IS CONING FRCH THE N.E. ( 45 EEGREES)
GROUND TEMPERATURE IS 266.5 DEG KELVIN$

OUTPUT 02 NOMINAL TRAJECTORY
SCCVEFAGE CPTICN 1, RADAR 1, WEAPON 1
TIRE INITIAL OF 0 SECONDS EVERY .5 SEC TO IMPACT
CTICN -999. PRINTOUT IN POLAR COOR£INATES
OPTION 2, NO TAPE PRINTOUT 0 $

SECTION 1 03/21/78 15.38.32 PAGE 2
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*LOCAIIR PE 04R'AI SAMPLE CUTPUT SICTICNS

OUTPO? C3 CONVERGENCE
SGEIVIFATI SICTICN :HRfi OF 'THE LOCATIS TEST' REPORT
1 FOR ONLY I DUN S

OUTPUT 07
SPRINT, TRACK RISIDUALS 1, WHII! THUF TO TAPi ?F rlCTIXKG 1,
rcs All BUNES 0 s

RANDOM 0-1 RANDC8 NUMBER SZED INITIAI12ATIONAA
$!CAIDCM NUBBIR S11IIS 3674~231 S

IND
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6.7.2 Section 2 -Nonunal Radar heapon Trjectory Coverage

This cutput s.'rict prints a portion of a trajectory in either metric or polar

coordinates and is controlled by the oulutr 02 data packet. See Section 6.2.9.2 for the

description of the various items and options available for SECrION 2.

At the top of each page the LOO\IIER title card followed by the PWXr and hT'AP"t packet

ntzwbers used for coverage are printed.

flThe intervals of coverage for polar type, RAE, output is described by 9 columns with the

follow'ing header information.

T~BE(SEC) Coverage time (sec).

R(Ml) Slant range (meters) from radar
to projectile.

AZ (IR) The azimuth bearing (mr).of the weapon measured 0 to 2000 pi
clock-ise from North.

EL(NIR) Ble\ation (nr) of weapon from
earth tangent plane measured from
-1000 pi/2 straight down to 1000 pi/2
at zenith.

Pnor Doppler component (mtis) which is
the projectiou of the velocity vector
along the line of sight from radar to
weapon. A negative doppler means the
weapon is moving t6wards the radar.

Amo~r Time rate of change of azimuth
(mr/sec).

EL)Or Time rate of change of elevation
(mrlsec).

VEL Velocity magnitude (m/s).

&SR(DB) Signal noise ratio (db)

assuming range **4 dependence.

The metric type printout has the following format.

TINE(SEC) Coverage time in seconds

.i X position (meters) in a ESF
coordinate system with origin at
radar.

Y(O Y position (meters).

Z(10 Z position (meters) in the vertical
direction. (positive is upwards)

xDO X axis velocity (m/s).

ITl Y axis velocity (m/s).

ZUOT Z axis velocity (m/s)
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'dEL Velocity magnitude (nm/s).

~R(D8) Signal noise. -ratio .(4Th)
asstimdng rasge**4 dependence.

A sample of SECTON 2 follows -with polar type output.

4
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LOCATIR P?.OGRAM SAMPLE CUTPUT SEC'TICIES

RADARP 1 IFACUING WIAPON 1

31

'il EWSC) R (e) At (P?) U (ME) rD0O1 A2VOT RLDcT VEL SNS(DD)

0.000 10012,5 1!20.04 -1.79 -171.6 -33.43 11.3f 393.0 36.03
.200 9929.3 1 04,19 3.75 -161.4 -33.17 10.78 382.1 36.18

1.000 9801.0 1407.67 9.00 -151.8 -32.90 10,20 371.7 36.32
1.!00 9777.4 1471.29 13.95 -142.7 -32.63 9.61 361.8 36.4r
2.000 9708.2 lW.04 18.61 -134.1 -32.35 S.02 352.5 36.17
2.!0C 9643.2 143E.911 22.97 -125.0 -32,0a 8,q3 33.7 36.5,
3.000 982.1 1422.96 27.03 -118.3 -31.82 7.84 335.5 36.80
3.r00 9c24.8 1407.11 30.80 -111.2 -31.59 7.25 328.0 36.90
U.000 9U70.9 1391.35 34.29 -104.5 -31.41 6.68 321.5 37.00

4.500 9U20.2 137r.68 37.48 -98.4 -31.31 6.12 316.0 37.09
.000 9372.4 1360.04 40.41 -92.7 -31.26 4,57 311.5 37.18

5.900 9327.4 1341.41 43.05 -87. -41.26 !.C2 307.7 37.27
6.000 928i.1 1328.78 45.42 -82.1 -31.29 4.47 304.4 37.34
6.500 9245.3 1313.13 47.52 -77.1 -31.32 3.93 301.6 37.42
7.000 9208.0 1297.45 49.35 -72.1 -31.37 3.37 299.0 37.49
7.500 9173.2 1281.76 50.90 -67.3 -31.41 ;.82 296.6 37.56
8.000 9140.7 1266.05 52.17 -62.6 -31.44 2.26 294.4 37.62
8.500 9110.6 1250.32 53.16 -57.S -31.46 1.70 292.4 37.67
9.000 9082.8 1234.59 53.86 -53.3 -31.46 1.13 290.5 37.73
9.500 9057.3 1210.86 54.29 -48.7 -31.45 .56 288.6 37.78
10.000 9034.1 1203.14 54.43 -44.2 -31.43 -.01 286.9 37.82
10.500 9013.1 1187.44 54.28 -39.7 -31.39 -.5E 28!.4 37.86
11.000 0994.4 1171.75 53.85 -35.3 -31.34 -1.15 283.9 37.90
11.500 8977.8 1156.10 53.14 -30.9 -31.28 -1.71 282.5 37.93
12.000 8963.5 1140.48 52.14 -26.5 -31.19 -2.28 281.2 37.9f
12.500 8951.3 1124.91 50.86 -22.2. -31.10 -2.e! 200.0 37.98
13.000 8941.2 110s.38 49.29 -18.0 -30.99 -3.41 279.0 38.00
13.500 8933.3 1093.92 47.45 -13.7 -30.86 -3.97 278.0 38.02
14.000 8927.5 1078.53 45.33 -9.5 -30.72 -4.52 277.1 38.03
14.500 8923.7 1063.20 42.93 -!.4 -30.57 -5.07 276.3 38.03
15.000 8922.1 1041.96 40.26 -1.2 -30 40. -5.61 275.6 38.04
15.500 8922.5 1032.81 37.32 2.9 -30.22 -6.14 275.0 38.04
16.000 8925.0 1017.75 34.12 7.0 -30.02 -6.67 274.4 38.03
16.500 8929.4 1002.09 30.65 11.0 -29.82 -7.19 274.0 38.02
17.000 8936.0 987.93 26.93 15.0 -29.60 -7.70 273.6 38.01
17.500 0944.5 973.19 22.96 19.0 -29.37 -8.20 273.3 37.99
18.000 8955.0 958.56 18.74 23.0 -29.13 -8.69 273.1 37.97
18,500 8967.5 944.06 14.27 27.0 -28.08 -9.17 273.0 37.95
19.000 8982.0 929.69 9.57 30.9 -28.61 -9.63 272.9 37.92
19.500 8998.4 915.45 4.64 34.8 -28.34 -10.09 273.0 37.89
20.000 9016.8 901.35 -.52 38.7 -28.06 -10.54 273.0 37.85
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6.7.3 Section I - Estimator Convergence Report

This suCrICN prints the metric state vector and perturbation along with thle

bias/niultipath state vector and perturbation for every itetation. Ouitput from SlCION 3 is

controlled by the WI'PUTI 03 data packet and is generated by subroutine SE3C'03. 2
The data i~s presented in 4 rows, each of which hns the following header information.

RCM' I - METRIC STATE VECTOR

X X position (in) of state vector
at the reference time in ESP
Coordinate system with radar at origin. <

Y Y position (mn) of the state vector.

Z Z position (mn) of the state vector.

VX X axis velocity (mis) in the
ESF coordinate system.

VY Y axis velocity "-/s).

VZ Z axis velocity (mis).

K!) Drag state (mm/kg).

KS Spin state (iin/ss).

WE East wind component (m/s) for
nonlayered meteorological type
data packet. If layered MElTRO
data WE=.0.

WN North wind component (m/s) for
nonlayered met'porological type
data iiacket. If meteorological
profile is layered, 1Th-.0.

ROWV 2 - MERIC 67AII: VECTOR PERTURBATION

DX X axis positional perturbation (in).

DY Y axis positional perturbation (m).

DL Z axis positional perturbation (mn).

DVZ X axis velocity perturbation (m/s).

DWY Y axis velocity perturbation (mis).

DVL Z axis velocity perturbation (mis).

D YD Drag state perturbation (m' )

DKS Spin state perturbation (m/ss).

DWE East wind perturbation (mis).

DW N North wind perturbation (m/s).

ROW* 3 -BIAS/H1JLTIPA11 STATE VECTOR
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!7 6" 717477

Ril Removable raulge Wias (mter's) .

All biases are the mieasureid
Compliant minlus tile estimate.

AB H~~el)Vable 11"imuth10 H~as (111l)

I'MRemovable elevation bials (r

Das zItunovaIle doplert Has1 (mlsJ .

4A t-kil tipath A (amplitude) parameter
In radians.

B ~ ktipath 11 parmioter. 2*p1/B
corresponds to the peri'od.

c ?.kil tipath C paaimert. C/B
Ccoresponds to thle phse

1R01 I III VS/M4II PAIlI SiWliICI)OR PITRIMJIU N~'

DM11 U0angc bias p~erturba tion (11).

ItIVI Azimuth bias perturbation (mr).

IN.i Elevation bia-s perturbation (mr).

DD1)1 Doppler bias perturbation (mis).

DAki Wtipath A piramcr pertuirbation *

1)13 WkIt ipatlh 1Nl'aater perwtuebation.

Dc kiltipath~ C paameter perturbation.

QI'(Y~Q. The weigh~ted squared res iduals -

iaeraged over the aninber of points4
and suibnl over the measurement
spalce. For each successive iteration
QIDI'Al. should decrease.
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ILOCATERPROR0PAM fjANFLZ CUTPUTSECI O
-- ---------I1 ----------- --------- ---

SICTICtN 3 " IM~ATJC

IONTE CA,,.O FUN NUlBPER 1
Iv y 2 x vY y~ zS KE rW

ON DY L? ~ M D V D v1,Z flU D N S DUN OWN
RD AR, ZB DD A D C

BFU DAZ DtB Dr1E CA Do DC Q70TAL

99s2. S 9.8 U.6 -186.2 322.7 111.1 .6982S01-03 .15 -3.5 -3.5
-. 9 -10.9 11.8 .s .C .3 t403('7E-05 0.00 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0. 0.
0.0- 0.0 0.0 0.0 0.0 0. 0. 7.3330

II! A,,I0oJ 2
9941.7 554.0 21.4 -185.7 323.2 111.3 .7046E4E-03 .15 -3.5 -3.5 -

-. 0 .0 .0 -.0 .0 .0- .3710271-07 0.00 0.0 0.0
0.0 0.0 -0.0 0.0 0.0 0. 0.
0.0 0.0 0.0 0.0 0.0 0. 0. 3.8690

9961.7 c4.0 21.4 -185.7 323.2 111.3 .704691!-03 .15 -3.5 -M 19

-0 .0 .0 -.0 -.0 -. 0 E3 1MI'E-ll 0.00 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0. 0.

0.0 0-.0 0.0 0.0 0.0 0. C. e9

--4

iii

SICTION 3 03/21,/78 1!.40.03 PAGE 5
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6,7.4 Section 4 -Track File Qesrmnts)

This SIECROII prints tile immisurements and weights of euch' obsorvation in the track

Ifile after thle estIimator has covred, SEiCRra 4 is generated by routine ACIN0 and Is

controlled by thle OrPijr 04 data packet, See section 6,2.9.4 for a description.

First, tile Mo Carlo run nutibor is printed at thle top ofC each page.

Ditch observation will then take 2 lines of print each with~ thle following hleader

tlscriptiens:

U.NU I

Npr Point mo~her

TI~U~ 'Tag ti of measuremient (seconds).

BLrA'rN Elevation measuirement (radians).

SNR Signal noise ratio (d11).

Q(NP'r Iho weighted squared residual
(tinitless) smued over the nimibcr of

LINH 2

wluar(RNG13) ~11C range weight
used in the estimaitor. !:Ce Section
S.S.S for thle definitions of

IWAR pack t unber associated
wihteobservation.

I Pitdropped dtie to data
pre-editing.

Pitdropped dne t o

4 Pitdropped due to data

The following page is a Sample output of SUC10 4.
For the, 12th point for example:
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V~NM~ hllL~If ' .0394
AZ~lifl~ *1.439067' radia-hs

1t1VATION a*0G13S8 riditrns
UtL VAT~(~w w .42213+06
UOPPIaXR -26 El/s;3

I)PPW wmCi:rr 3.771
MNR 37.96 dli

Q(NPT) *5.72229-

D)ROP "0 (pait~ mi good)

AtA
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LCCAT38 EROGRAN SIMPLE OUTPUT SICTIOAS

fl1ASUP1fl3WZS, I3IGH 73 rO RO I

'PT TIRE RANG! ITUTSH ILIVTR "OPPLER SR Q M(NPT)
WRIGHT WEIGHT WRIGHT' ;ZIGHT RADA$ DRP

1 .200 11362.f 1.976615 .004739 -297.26 33.83 6.60295
.3841-01 .2201+06 .2201*06 .3461401 2 0

2 2.000 9711.6 1.57461. .023212 -134.44 36.57 4.5812E
.:191-01 .3471+06 .3471+06 .3698401 1 0

3 2.200 10807.0 1.931942 .021161 -261.18 31.71 2.11070
..-871-01 .2571+06 .257140( .3551401 2 0

4 1.000 9467.2 1.390594 .035487 -105.3 37.00 3.20481
.3921-01 .3701+06 .3701*06 .3728401 0

1.200 10318. 1.892059 .032926 -231.59 35.52 2.80079
.3891-01 .2914106 .29106 .J621*01 2 0

6 6.000 9279. 1.327315 .046837 -81.20 37.35 3.50761
.3933-01 .388106 .3881+0f .3714101 1 0

7 6.200 9871.6 1.85165C .044238 -215.53 36.30 1.40342
.3911-01 .3331+06 .3331406 .3681401 2 0

8 8.0Q0 9140.7 1.262204 .051708 -62.35 37.62 5.30075
.3931-01 .1031406 .103140f .3761*01 1 0

9 8.200 910.6 1,808741 .052662 -200.61 37.05 6.79252
.3921-01 .3721+06 .3721406 .3723401 2 0

10 10.000 9030.7 1.201679 .056364 -43.97 37.82 .99590
.3941-01 .1153+06 .4111+40 .3771*01 1 0

11 10.200 9067.4 1.761956 .055616 -187.75 37.78 3.27802
.3931-01 .4121+06 .1121406 .3763+01 2 0

12 12.000 6968.1 1.139067 .051358 -26.00 37.96 5.72229
.3941-01 .422106 .4221406 .3771+01 1 0

13 12.200 8692.6 1.109552 .056748 -173.26 38.9 3.44492
.3942-01 .1523406 .4521406 .3801401 2 0

14 14.000 8931.5 1.077673 .049279 -8.73 38.03 .9259
.3913-01 .1261+06 .12C1406 .3781401 1 0

15 14.200 8372.3 1.659522 .049791 -158.02 39.17 4.27881
.3951-01 .4911+06 .1911406 .3833401 2, 0

16 16.000 8930,8 1.016695 .039808 8.1 38.03 .10057
.391-01 .132CE-606 .13261.0E .3181401 1 0

17 16.200 8067.7 1.601676 .039908 -144.31 39.81 7.37031
.3961-01 .5281+06 .5281+of ,3E5£*01 2 0

18 18.000 89!7.4 .957888 .020162 21322 37.97 2.74017

.3941-01 .4231*06 .1231+0( .3771401 1 0
19 18.200 780.8 1.5185 .023679 -126.16 40,40 1.28859

.3961-01 .5621+06 .5621*06 .3871+*01 2 0

SECTION 1 03/21/78 15.38.38 AGI 6
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6.7.5 Section 5 -State-Covariance Matrix

This SECTION contains:

1. State covariadce matrix
2. Alphanumeric description of each estimated state.
3. Correlation coefficients-

The output frm SECION S is generated by routine SECTOS qnd controlled by the XrPUr OS"

data packet. See section 6.2.9.5 for a description.

The bnte Carle rim number is first printed at the top of the page.

I The lower half of the synmetric state covariance matrix is printed with a maximum of 7

nunbers on each line with braparound occurring if necessary.

The matrix can be interpreted as the radar measurement space variances transformed by a
similarity tr foruit ion into the integration space at the reference time.

The list of state numbers with the alphanumeric description of each state follows the I
I}coviriance matrix.

The array of correlation coefficients CC is then defined from the state covariance matrix

4CC(I,J) =P(I,J)/SQgr(P(I,r) P(JJ)) :

The correlation coefficients array is likewise symmetrical and only the lower triangular

half is printed.

The correlation coefficients indicate the amount of correlation (dependency) between the

various estimated states. The numeric values range between -1.0 to 1.0 and-have the following

interpretations. .

+1.0 High correlation. As variable 1 increases, variable 2 increases.

0.0 Little correlation. 1
-1.0 High correlation. As variable I increases, variable 2 decreases.

In the following sample output of SECION 5 there is a high correlation between the Z

position (state 3) and the Z velocity (state 6) as CC(6,3) -.9036298. There is little

correlation between the Z velocity (state 6) and the X velocity (state 4) as C(6,4)--.019751). 1
If there is too high a correlation between estimated states the estimator could diverge or

the state covariance matrix could be singular.

i I4
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k4

L0CAM11 PROGRAK SAME~L C1PUpTj SICi'ICii

SECTIONI 5 - SIATI C0OMIANCA MAX ANt CQRRZLAllCN C0OFCOUNT Kl RUN I

2 ~2086.01.174133*02I 3 -.61901400 -.2303.1Zs01 .650901+02

4 -.27 72&sQ0 -.44Q09X+00 -.28462f*00 .976693-01
5 .3384IS-01 -.799431+00 M-6113*00 -.944101-01 .245091+00

,. 6 .65672X-01 .241881+00 -,57626R401 -. M933-02 -.24M64K-01 .6246'iX+00
7 .IC!401-05 .891761-05 .133201-04 -. 14717E-05 .151311-05 -..695221.06

S!TM NUNBIR
1 I FCSIT1CN

14 1 VILoCoY

6 Z VTLQC1TY
7 DRAG(Kr,)4

1 1.0000000
2 .31!8650 1.000000
3 -.0430736 -.0684199 1.0000000
4 - 4964018 -.3412961 -.1128051 1.000 000
5 .0390349 -.3871601 .1916100 -.610203e i.0000000
6 .0414350 .0733315 -.9036298 -.0197517 -.0635375 1.0000000
7 .0962158 .3416913 .263919e -.152946! .5082596 -.140691

1.0000000

SECTION 5 03/21/78 15.28.3e PAGE 7
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6.7.6 Section 6 - Launch Conditions- and Residual Statistics

This SECM1ON prints the estimated -trajectory parameters at a specified condition

along with the weighted residual statistics for each lkrnte Carlo run. The6 output -from SE~fIdt

6J~s generated by subroutine SE&CO6 and is controlled by the O(J'PMl 06 data packet. See

section 6.2.9.6 for the description.

Tho default data packet specifids that each 6stimated state vector will be extrapolated to

the ground terrain at launch. This option may be ovtrwritten if other extrapolation conditions

are desired. IX
Header Description and Units
RUN4 Monte Carlo ruiv nwrber or real

data set number

VO Velociry tiagnitude (mls) of
state vector

QE Quadrant elevation (degrees)
measured -90 straight down to
+90 at zenith

A7F Azimuth of fire (degrees)
measured clockwise fromi north

T FIR1 ~ (0 to 360 deg)

T FIRETime of estimated trajectory
extrapolated to tho specified condition.A
In the sample of SECI'I 6
output, the T FIRE for run #1 is
- .15 second. The state vector
valid at the specified condition
has a time tag of -. 15 second. -

QR Weighted squared range residual
(unitless) averaged over the number
of good neasurements in the track file.

QA Weighted squared azimuth residual
averaged over the number of good
rieasuraneiits in the track file.

QE Weighted squared elevation residual
averaged over the nuinber of measurements.

QRDOTWeighted squared doppler residuals
F averaged over the number of measurements.

Q TOT1 Nu.meric sum of QR+QO4*E+QRD(1r
which Is the total weighted square
residual statistic.

VIT 0 good fit _
1 indicates that-the estimator is

diverging, possibly due to a near singular
state covariance Patrix.
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NITE3R Iteration counter.

If certain measurement is not included in the radar measurement space the, Q coc~xment

wil be zero.

The average (AVE) and std. dev. (SIG) are thin utputed ro-ah fti- bv tm ae

41
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LCCATIR "P1OGRBI SAiPLI OUTPUT SECTIONS

SECTICN 6 - LAUSCH CONDITIONS AI£ %I3GHTED EESlDttl STATISTICS

RUN VO QE AZY T FIRE QR CA 92 CSDCT C TOT FIT NITER :M/S DIG DIG SEC I
1 396.4 17.10 330.1 --.1.5 .844 1. C1 .963 1.011 3.E69 0 3
2 396.5 16.89 330..l -.12 1.627 .790 .776 1.497 4.690 0 3

3 392.6 16.93 330.0 .01 .863 .93 .885 i.881 3.735 0 3
3 392.0 16.83 330.0 .05 .867 .631 1.001 .881 3.380 0 3
5 393.2 16.89 330.0 -.00 1.425 E649 .858 1.17f 4.308 0 3
6 395.7 16.92 329.9 -.12 .749 .631 .784 .829 2.994 0 3
7 394.7 16.97 330.0 -.08 .525 .794 1.069 .e5e 3.046 0 3
8 392.1 16.89 330.1 .05 1.849 .862 .833 1.304 4.847 0 3
9 391.6 16.83 329.9 .09 .828 .6M7 1.302 6. O4 3.421 0 3
10 397.4 16.95 330.0 -.13 1.243 .994 1.025 .520 3.783 0 3
11 394.2 16.85 330.0 -.07 1.265 1.214 .863 .869 4.310 0 3
12 392.5 16.87 330.0 -.04 1.398 1.291 .924 .859 4.472 0 3
13 392.3 16.85 329.9 .04 1.210 .9f5 1.1487 1.163 4.826 0 3
14 392.9 16.70330.1 -.02 .539 .848 .570 .676 2.633 0 3
15 394.9 16.96 330.0 -.09 1.528 .9e4 1.401 1.006 4.520 0 3
16 391.9 16.87 330.1- .04 .641 .463 .811 1.002 2.917 0 3
17 386.7 16.86 330.0 .26 1.197 i;04e .803 .95s 4.008 0 3
18 395.6 16.80 329.9 -. 12 1.280 1.058 .846 1.461 4.644 0 3
19 390.5 16.99 330.0 .12 1.427 1.325 1.114 1.02f 4.E92 0 3
20 389.6 16.88 330.0 .16 .728 1.069 1.621 1.081 4.499 0 3

IV1 393.2 16.89 330.0 -.01 1.102 .931 .997 .960 4.010 3.0
SIG 2.5 .08 .1 .11 .374 .226 .261 .255 .722 0.0

THE ABOVE STATISTICS IS EASED ON 20 CUT CF 20 RUNS

{rSA.

SECTION 6 03/21/78 15.40.02 PAGE 8
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6.7.7 Section 7 - Track Residuals

This SECrION prints, the radar measurements and residuals for each point in the track

file for every Monte Carlo run and plots the residuals. 11c output from SECTION 7 is generated

by subroutine SECt07 and is controlled by the CUIMT 07 data packet. See Section 6.2.9.7 for

the description.

The following items are output:

HEADER I)ESCRIPTI N and UINTS

NPT Point number

TIUE Time of measurement '(sec)

I Range measurement (m)

DR Range residual (m) which is
measured range minus estinated
range

A\ Azimuth ,measurement (radians)

DA Measured aziitithestimated
azimuth (mr)

FI Elevation measurement (radians)

DE Measured elevation-estim~ted
elevation (nr)

Rill Doppler measurement (m/s)

DRP Measured dopple'-estimated doppler (m/s)

IDRP Point drop code6 good point

I point dropped front data
pre-edit test.

2 point dropped as 3,R is
is below specified

4 point dropped from data
post-fit-edit test.

If any point is dropped the
residual is zero.

If the rad.ir does not take a particular measurement zomponent the residual is always zero.

The average track residual (AVRGE) and std. dev. (SIGlo) is then computed for each

measurement camponent based on all good- points in the track file.

The graphics output of SELCION 7 plots the track residuals (measured value-estimated

value) vs tihe (sec) for each good point in the track file. For each run every measurement

component will produce I subplot, all of which are on I page. A dashed line is plotted at

AVRGE + SIM4A and ,VTLGI - SI(MA'. Points that have been dropped by the estimator will NOT be

I plottee'..

11I
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t I
LCCATIR PROGRAM SAMPLE CU7PUT SECTIONS

ifSECTICN 7 - TRuCK FISICO1XS FOR BUN NUMBER I

NPT TIME RM DR An DA EM .I RFM DPR IDRP

1 .200 11363. -4.7 1.9766 4.045 .0047 3.059 -297.3 -. 1 0
2 2.000 9712. 5.0 1.4575 1.531 .0232 2.782 -134.4 -.2 0
3 2.200 10807. -2.6 1.9319 -.887 .0212 1.422 -261.2 .6 0
4 4.000 9467. -1.8 1.3906 -1.247 .0355 -. 820 -105.4 -.8 0
5 4.200 10318. 2.9 1.8921 -.495 .0329 -1.418 -234.6 -.7 0
6 6.000 9279. -3.9 1.3273 -1.5!1 .0468 -'.194 -81.2 .7 0
7 6.200 9872. 4.3 1.8517 .706 .0442 -1.237 -215.5 .0 0
8 8.000 9141. 1.3 2622 -3.583 .0547 .170 -62.3 -. 1 0
9 8.200 9441. -10.1 1.8087 1.795 ".0527 -.387 -200.6 .6 0

10 10.000 9031. -2.9 1.2017 -.830 .0564 -.590 -44.0 -.3 0
11 10.200 9067. 5.4 1.7620 1.833 .0556 -1.091 -187.7 -.3 0
12 12.000 8968. 4.0 1.1391 -.36S .0514 -3.447 -26.0 -.0 0
13 12.200 8693. -8.4 1.7096 -.803 .0567 .754 -173.3 .2 0
14 14.000 8931. 2.1 1.0777 .628 .0493 1,.1E0 -8.7 .1 0
15 14.200 8372. 3.6 1.6595 1.905 .0498 -.660 -158.0 .7 0
16 16.000 8931. 2.2 1.0167 .888 .0398 2.790 8.1 .3 0
17 16.200 8068. .8 1.6017 -.290 .0399 .272 -144.3 -1.4 0
18 18.000 8957. -3.2 .9579 1.727 .0202 -1.564 24.2 .1 0
19 18.200 7805. 7.0 1.5419 -1.697 .0239 .713 -126.2 -.3 0

TRACK RESIDUAL ST)TIS!ICS RUN 1

EANGEM (N ZINU~fl(NE) ELEVATION (Myt) DOPPLER (14/)

AVRGf .055 .174 .059 -. 052
SIGMA 4.636 1.706 1.633 .516

----------------------------------------------------------------------------------------------
SECTION 7 03/21/78 15.38.38 PAGE 9
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6,7.8 Section S. - State Estimation Statistics

Ibis SLUMN~ prints the estimator performance for each state that is constant in 01-3

trajectory. 'llme ouitput from SEMVIC 8 is generated by subroutine ShiCTU8 and Is controlled by

the WUIPN 08 data packet. See section 6.2.9.8 for the description.

T'here are 3 lines of output for each run,

1. Estimated state vector.

2. State vector for initialization of estimator,
either true, nominal, derived fron
measurements, or a specified state vector
(VIECTOR packet) depending on option
specified by IT1'M #3 of the l3SiMATOR packet.

3. Difference between the estimated state vector
and the state- vector &a't Initialized the estimator.

CLine 1 minus Line 2)

Each colun Wa the following headinigs:

MCE I.nte Carlo or real data run numiber

lCD Drag state (nmykg)

KS Spin state (nyss) '

WE East wind component (mis)

WN North wind component (/)I
RB Range bias (in)

AD Azimuth bias (mr)

EBElevation bias Onr)

I)B Doppler bias (m/s)

AMi Iniatipath amplitude (ni')

BM Multipath B paianeter. 2 pi/I4 is
period. 4

Muiltipath C parameter. QOVaN1 is
the phase in radians.

IVStatistics on the estimation porfomance are at the end of SEC1'1a 8. The first line is

the average difference between the estimated state vector and the initial state vector while

the second line is the std. dev. of the difference.

The following pages are examples of SEC'IOt 8 output.



L0CMIN R IOGAft SAHPx CMU)UT SNCTICIS

SEC~TION 1 '- HtlINXTICH STATISTIC.*, (-Tl~)
Kc N S wil v t P1U A1 t. 3 U ut AN btt

,"041-03 .1-.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.698; 0 -03... .15 '-3.5 -. 5, 0.0 0.0 0.0 0.0 0.0 0. 0.4

0 Ci4077 1-0S 0.00 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0. 0.

2 .706 -03 .IS -3,8 -3.& 0.0 0.0 0.0 0.0 0.0 0. 0..
.7021101-03 .15 -3.5 -3. 0.0 0.0 0.0 0.0 0.0 0. 0.
.353 3M-05 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

3 .6997691-03 .1! -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
,7059871-03 .15 -3.6 -3.5 0.0 0.0 0.0 0.0 0.0 U. 0.

-. 6217911-05 0.00 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0. 0.

4 .7049468-03 .1! -3.5 -3.5 0.0 0.0 0.0 0.0 0..0 0. 0.
.0098551-03 .15 -3.3 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.

-. 09930Z-05 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

5 .7143i1t-03 .1! -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.713721-03 .15 -3.S -3.5 -0.0 0.0 0.0 0.0 0.0 0. 0.
.86O2201-06 0,00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

6 .'t79461 -0 .15 -3.5 -.3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.7175921-03 .1! -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.35I37S1-06 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

7 .7 i3962-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.1214611-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.} 0.0 U. 0.

-. 6460288-07 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. ).

8 .'7170701-03 .1i -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.7253298-03 .15 -3.5 '3.5 0.0 0.0 0.0 0.0 0.0 0. 0.

-. i259113-05 O.tl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

9 .7310803-03 .15 -3.5 -3.S P.0 0.0 0.0 0.0 0.0 0. 0.
.7291971-03 .15 -3.5 -3.5 0.0 0.0 0.' 0.0 0.0 0. 0.
.2682t14l-OS 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

10 .7543521-03 . -5 3.3. -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.7330661-03 .1! -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 ). 0..
.2128611-0S 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

11 .135863-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.'1361341-03 .1 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
-. 1068101-05 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

42 .72993-03 .1! -3.5 -3.! 0.0 0.0 0.0 0.0 000 0. 0.
.7408039-03 .15 -3.5 -3,.B 0.0 0.0 0.0 0.0 0.0 0. 0.

-. 1881401-04 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

SECTrION 0 0312t/7o 1. 39.23 r5c. 29
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7 P

LOCAT'I PROGRAN SAMLE CUPUT SECTICIS

HC KD KS WE WN 1! At IB DB AN BNH C

13 .1472448-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.71446712-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.2572631-05 0.00 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0. 0.

14 .7450871-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.7485391-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.

-.3451992-05 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

15 .7488801-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.7524082-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.

-.3527712-05 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

16 .7486841-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.7562762-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
-.7592242-05 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

17 .7511073-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.7601451-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.

-.9037632-05 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

18 .7658761-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.7640131-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.18624111-05 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

19 .7612682-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.7678821-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.

-.661375-05 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

20 .769969E-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.7717502-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.

-. 1781091-05 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

ESTI ATION STATISTICS BASED ON 20 CUI OF 20 RONS

KD KS WE WN FB AE 3B DB AN Bm CH
-.1586391-05 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.765393Z-05 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

SECTION 8 03/21/78 15.40.02 PAGE 30
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6.7.9 Section 9 - Iutich Point P1stimation

This SECTIONl extrapolates the estimated state vectors to- specified- conditions

1. lo unch point prediction.
2. Inteept nodeling.

3. Impact point' prediction.

The output from SECTION 9 is generated by routine SECT09 W is controlled by the wtri'iT

09 data packet.

The various extrapolation options are:

+1 Extrapolate to a specified altitude.
A +1 means the post-aposeeside of the
trajectory while a -1 mesns pre-apogee.

+2 Fxtrapolate to a topographic-surface.
if no terrain map is input the weapon
altitude is used. The + specifies post-apogee
while the - specifies pre-apogee.

3 Move all state vectors toea specified time.

4 Extrapolate the state vectors to a
time increment after time of last track point.

The default option is -2 i.e., catpute i'i-i distances at launch.

PRINT DESCRIPTION

The first part of SiCTON 9 prints the extrapolation option rtnd alphanumeric description

along with the value. In the sample output, option -2 was specified but no topographic map was

input hence the option was changed to specified altitude (option -I) which is 30 meters

(height).

For each run the estimated and initialization state vector are extrapolated to the same

condition and the position component differences are ccaputed. The following is then printed.

WbRun number

X t) X (East) component of miss distance (m)

Y(M) Y (North) component of miss distance (m)

Z(M) Z (up) component (m)

Tho miss distance components are the estimated
minus the initial positions.

R(M) Miss distancb magnitude (n).SQRT (XAX+Y*Y4-Z kZ)

OD FIT 0 Good fit
1 Bad fit. The bad fit miss

distances are not included in
the statistics.

121



In the sample S!EC1'IO 9 output, the estimatedi state vector was 15.9 tit. 11ast and 30.5 in.

North of the true launch location for the 11th run.

For all good fits the average and std. dcv. of the Iniss distanice components are computed

and printed.

Thle next line contains:

1. Average It avera ;) miss distance (in)
2.Sigimi R std. dcv. on miiss disttance (III)
3.ClP the median m~iss distance (tm)

GRAPHICS DESOUWI~TIO

siCriai 9 also produces a file of~ miss distance comp.ancnts which is subsequently plotted

by external prog~.ai MISSU1L when IXCATER has finished execution. 'rie generation of tis file

is controlled by 1113-1 93 of thle WIr 09 t" packet. If thle i1,11 is I tho file is writtenl.

Ilia description of the plot (see stunple below) is nts follows:

T7he true weapon launch location is ait the coordinates ( 0,0 )where thle cross-hair lines

intersect. Note that the E~ast dirction is horizontal while the North orientation is vertical.

Thce array of miss distances is then scanned and and appropriate grid size is chosen for

either a 100 in. , 200 tit. , 400 in. , 1000 in,, or 2000 tit. square. liaclh miss distanice is then

plotted; the symbol used being it snill squtare. If tny miss distance is off the scale, it will

not be plottedl.

The covitriance mnatrix of iniss distance components is then generated and diagonalized. Ilia

ellipse sei-mjor, semni-minor axes along witha thie inclination of tilo semlni.jor axis from

north is theii pritted.

A dotted circle with the radius of the median miss distance is then drawnl with the center

being tho true wealponl location. Thiis is consideredI thle CEP (circulur error probable) of thleA

system.



LCCATER PR00kh SAMPLE CUTPUT S3ECTIC1IS

$Bello" 9 xviu1E1 ROUTINE

INTERCEPT 1 OPTION -2(0PCIFED AL1IUDE )VkLUJ 30.00000
STATISTICS HASID ON 20 CUT Or 20 RUNS

me X(H Y z) R(H) GOOD r1il" 0

1 26.3 -56.5 -.0 64.1 0
2 23.6 -46.6 -.0 52.3 ¢
93. 9.7 -.0 10.6 04 -3,5 20.5 .0 20.7/ 0

5 3. -40 -.0 6.3 0
6 32.0 -24.9 -. 0 0.15 0
12 19.7 -2. 1 -.0 34.3 0
3 -8.6 16.4 .0 1.5 0
9 -10.8 31.8 .0 33.6 0
10 27.8 -40.6 -.0 37.0 0
11 15o.S -30.5 .0 34.4 012 1q3 -,I -0 16.9 0

13 -2.1 19.6 .0 19.5 0
14 5.2 -10.9 -.0 12.1 0
5 20.! -30.8 -.0 37.0 0

16 "10-9 7.8 .0 13.4 01? -45.8 78.6 .1 91.0 0
Io 28.j -33.6 -.0 44.0 0
19 -2462 35.3 .0 42.8 0

SI 0. .3 0.b
AvlfkGs R. .35.0 11, SIGMA p ,.9 B, CP 34.3 P

it

SNCT :ICN 9 03/21/78 5 l.4C.0 PAkGE 31
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6.8- ltIcipo ad-

1te Plot descriptor card (colt-s18)cnansifntto J~a dni~e

3.s -80 of'n estimatedn thttates ienifethe Output plotS produced by LOCATElR. Sqqggedt~d content may. include:
I. 'IAm number (date or time%2. RADAR name or parirnctors
4. Projectile type

The descriptionk will be printed at the bottomt of. each plot plige for- both the niss distance
(section 6.6.9) and the 'residual plots (section 6.6.7). If the descriptor card is left Out of
the run deck NO plots will be produced.

i



7.0 ILXIPLES Or. PIRAM 0pC-RtTItN

Tilis section eerlifies the application of Ifl0xiTI in, its wari,)us -modes, of~ Operation. Pour

eMostration rtins have been~ pre ared iwhfch ard examples Of:

I Real dati analysis Section 7.1

Complete simulation Section 7.2

Simulation on an exte'rnatl trajectory Sec~tion ?. 3
Ailtiple radair simulation Section 7.4

The first three examtples consider an instrtaentation radar tracking the 4ownieg portion of

ten ISS im howitzer trajectories. The purpose of the examples is to address the suitability of

the dynamic model, %,l idato the estimation algorithm and compare tlhe performtance of the

trajectory' estitaator uslng the three similar data bases.

Thto first set- consists of real recorded trajectory measurements, while, the second set uses

LO2ATUR's internal d~tamics to simulate a trajectory according to tho same~ initial launch

conditions as in, set 1.

K ~ The third set utilizes an exernal program, A ?'bdifiod Point hitss Trajectory Simulation

(,N ext rS)V tkrmvloped by the USA Ballistics Research Laboratory, to sirtilarly generate a2
trajectoty like examples I and 2. Gaussian measurement noise errors, characteristic of the

radar's reil errors, arfe then determined and added to data sets 2 and 3.

Example 4 addresses the problem of two hemispheric coverage radar-, in a netted

configuration track~ing a lOS im howitzer launched with a low firing quadrant elevation.

Statistically modeled bins errors, thermal and jitter errors, along with tropospheric

refraction errors are incl~4ed to corrupt the unerrored trajectory simudlated by IM.OI'R

For each set of measurements or run in examples .1 to 4, the trajectory MAhich est fits the

radar uieasurettents will be determined. The launch point state vector will then be established

by extrapolating the fitted 'state vector to the physital terrain. This process is termed

"backtrackinmg".4] 1\Nc) quantities -ire of paramount importance in the WCATER REM.RV The first, located in
SELCIlN 6, is "Q TOP" whichi is the total weighted squared residual error for the estintated

trajectory. This way be used in conjunction with the track residuals outirut- of SV;CTrIOt 7 toA determine the q~ality of fit ovpr different track segmnts. The second quantity, is the.a s

distanice couponents which are the differerce between the estimated launch point state vector

and the true wapon location. Thie array of miss di4stances for each exatmple are sorted inj increasing "magnituido, call"lig thz median giiss distance the Circular Elrror Probable (C1.P). Ti

1,2 6

I'L a'



_ . . . __ __ _ __ _ __ _ __ __ _ __ _ __ _ __ __ _ __ _ __ .... ~..~ -• .... ..

is denoted .by the deshed circle drawn about the true weapon location in SECMI(N 9 - PLOT

wOpur.

The description of each LOCATER output SECTION may-be found in section 6.7.

7.1 Real Data Analysis

7.1.1 Problem - Illustration

At Wallops Island, Virginia, in July 1970, a series of trajectory position

m 1 easurements were taken by the AN/FPS-16 10  instrumentation radar. The data consists of

presnuothed rnge, azimuth and elevation observations every .1 second for twenty-three 15S ma

howitzer rounds which were fired with different initial velocities and quadrant elevations.

Each projectile was acquired about 3 to 4 seconds after launch.

The test series included ten rounds which were fired with the same initial conditions;

,quadrant elevation of 700 MIs (about 39.4 degrees), an azimuth of fire 130 degrees, and with

a Mazzle velocity of 564 mls (charge, 7). See Figure 7-1 for the systom goometry, and Table

S-2 for the meteorologicsl conditions.

A subset of the data from 20 seconds to e nominal impact time of 54 sec.nds at a PRI of 2

seconds was prepared from these 10 rounds. The initial track tine was chosen to construct a

dowmleg segment which forces the integration of state vectors through the sonic transition.

W5

12
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NORTHi--?OS
k RADAR

LAUNCH

25--2 .m 40

g'1

TO IMPACT

- WEAPON
TYKf 155-mm HOWITZER

CHARGE 7W

I N-ITIL VELOCITY 564 ."/w.
Q(UADRANT ELEVATION 700 mili (3200mlii - 3r rWalos)

AZIMUTH OF FIRE 1306 CLOCKWISE FROM NORTH

FLIGHT TIME 54 ic
LAUNCH ALTITUDE 3.83 m

RADAR

NAME AN/FPS-16 INSTRUMENTATION
MEASUREMENTS RANGE, AZIMUTH, ELEVATION

PRI 01 sec
ALTITUDE 14.06 m
LONGITUDE 75.4851 0 WEST
LATITUDE 37.84130 NORTH

,ig. 7-1. Ceomtr of Wllops Island tests for Jemistration om ,plcs
I to 3. Location of AN. FPS-16 radar and ISS 16 rhowit'.,
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RUN DECK PREPARATION

1the. mandatory data packets for real data analysis include: !

' msSION Sectifii 6.2.6
TM\CK Section 6.2.14

RldR Section 6.2.10-

Other packets which are necessary to o%erride default values are:

Mr1O Section 6.2.3
ourrur Section 6.2.9
ESTRMTOR Section 6.2.3

I1ue first card in the LOWTR input deck is the TITLE card-which for this e.xomle is:

AN/FPS-16 1SS M-PREil, DATA ANALYSIS

Each data packet then follows the TITLE card according to the rules specified in section

6.2. The body of each data packet has been indented so that the packet Pame card stands out. .f
See the SECTION, 1 output for the listing of the LOCFTR input data cards.-

TAPE PREPARATIO4

t Te real data for this exanple kesides on 7 track magnetic tape and was prepared according

to the rules specified in section 6.3. The struqture is:

Title card of round 1
Time, Range, Azimuth, Elevation injfaonnat C1X,2F,'2.4,2F12-8)

Tape mark (EOP) _
Title-card of round 2-
Measurements of round 2

Tape ark (EOF)

Title card of round (10)
*asurements of round (10) j

Tape mark (EOP)

This tape would be requested as TAPE2 in the control card deck. qee section 6.5.2.

LOCATER does not reposition the tape so the user must insure that the tape is positioned

correctly. The data set for the first round, number 5124, i. shown in Table 7-1.
The output from LOAT R for this exvnple follows in section 7.1.2. ,:

r; j

41
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TIME RANGE AZIMUTH ELEVATION
(se) m)(tad) (rad) S i!

20.0000 7624.8768 2.27528652 .48736106

21.0000 7888.5288 2.7546455 .47706205

22.0000 8147.3040 2.27574"-54 .46645411

23.0000 8402.1168 2.27595497 .45553377

24.0000 8650.5288 2.27623597 .44427310

25.0000 8896.5024. 2.27639479 .43278030

26.0000 9136,6848 2.27674036 .42104664

27.0000 9374.4288 2. 27760254 .40867770

28.0000 9606.3816 2.27733456 .39639603

29.0000 9834.3720 2. 27744022 .38377925

30.0000 10059.9240 2. 2779 4113 .37094003

31.0000 10282.7328 2. 27823259 .25774112

32.0000 1050'.4936 2. 27874047 .34434071

33.0000 10718.2920 2. 27903194 .33070992

34.0000 10932.8712 2. 27943161 .31685049

33.0000 11144.7072 2. 27971610 .30276243

36.0000 11355.6288 2. 28015591 .28849809

37.0000 11564.4168 2. 28063936 .27413253

38.0000 11769.2424 2. 28088894 .25925035

39.0000 11976.8112 2. 28136540 .24450606

40.0000 12180.7224 2. 28162022 .22949473

41.0000 12384.9384 2. 28199895 .21429841

42.0000 12587.0208 2. 28247038 .19885995

A3.0000 12791.5416 2. 28284038 .18337518

44.0000 12994.2336 2. 28314736 .16766574

45.0000 13197.8400 2. 28365524 .15194931

46.0000 13400.8368 2. 28395368 .13618052

47.0000 13603.8336 2. 28439001 .12003126

48.0000 13808.9640 2. 28466926 .10406700

49.0000 14012.8752 2. 28501832 .08774321 !

50.0000 14217.3960 2. 28545115 .07161839

51.0000 14423.4408 2. 28564663 .05542200

52.0000 14630.0952 2. 28618592 .03953628

53.0000 14837.9688 2. 28636569 .02370117

TABLE 7-1 AN/FPS-16 Radar Measurements for the first
round, #5124.
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RlbIGHT VAST NORTH

OUiGHT IrM~PE8ATORR I)NS1V WINDS WIND WN

0.0 300.73 1.16797 0.0 -3.7493 1.1118

304.8 299.83 1.13433 304.8 -2.5633 -1.3424

609.6 297.39 1.10590 639.6 -1.3125 -2.5714

914. 4 293.69 1.08120 914.4 -0.1536-309

121912 292.43 1.04967 1219.2 -0.1701 -2.9015

1524.0 290.49 1.02307 1524.0 -0.0444 -2.5546

1828.6 2$8.63 0.99163 1828.6 -0.3735 -2.4936

211M, 286.99 0.96250 2133.6 -0.8256 -2.9002

2438.4 285.23 0,93493 2433.4 --1.0068 -3.4127

2743.2 283.73 0.90670 2743.2 -1.0664 -3.5984

300~.0 282.16 0.87890 3048.0 -1.2161 -3.5510 "

3352.8 280.59 0.85177 3352.8 -1.5483 -3.2232

3657.6 279.19 0.82483 3657.6 -2,0625 -3.1227

3962.4 277,43 0.79957 3962.4 -2.2255 -3.0280

L4267.2 276.06 0.78370 4267.2 -2.2891 -3.4152

6096.0 276.06 0.78370 6096.0 -2.2881 -3,4152

A

T~bifi 7-2 - ulycotd vtooo( I ej collIl01 t ~ d~Ioll~t rl-4ba 1

oime ,s to 3.
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7,1.2 Sty 33q _Out

AN*IPS-16 M55 MR REAL DAIA ANALYSIS

---- INPUT DATA CIADS ----

AN/PS-16 155 No REAL DAIA ANALYSIS
NISSICN 01

SANAIYZE 10 RCUNUS OF REAL DAIA TAKEN AT NALLOPS I$IAND,
VIRGINIA. PROGRAM RON MODE IS 3 (DATA IS ON TATZ )S

MRTRC 01 NET1CCLOGICAL CONDITIONS TCR ROUNDS !124 0 5169
Till FOLLOWING TADLE IS A LAYERED NETECROLOGICAL AESSAGE.
THE CCLUNNS AR!: 1. HEIGHT(NETERS) Of TEND AND DENSITY
2. TEMPERATURE (KELVIN), 3 DENSITY (KGi/**3), 4. HEIGHT
(METERS) OF WINDS, 5. EAST WIND CONFONENT (N/S), 6. NORTH
WIND COMPONINT.
SUSI TYPE 3 I1RO PACKET (LAYIRD , THE YORMT IS $

(61W .0)
0.0 300.73 1.16797 0.0 -3.7495 1.1119 1

304.8 299.83 1.13433 304,.E -2.5638 -1.3424 2
609.6 297.39 1.10590 609.6 -1.3125 -2.5714 3
914.4 293.96 1.08120 914.4 -0,.1536 -3.0598 4
1219.21 292.43 1.04967 1219.2 0.1701 -2.9015 5
1524.0 290,49 1.02037 1524.C -0.0444 -2.!546 6
1828.8 288.63 0.99163 1828.8 -0.3735 -2.4936 7
2433.6 286.99 0.96250 2133.( -0.8256 -2.9002 8
2438.4 285.23 0.93*93 2438.4 -1.0068 -3.4127 9
2743.2 283.73 0.90670 2743.2 -1.0664 -3.!984 10
3046.0 282.15 0.87890 3040.0 -1.2161 -3.5510 iI
3352.8 280,59 0.85177 3352.E -1.5*83 -3.2232 12
3657,6 279.19 0.82483 3657.6 -2.0625 -3.1227 13
3962.4 277.43 0.79957 3962.4 -2.2255 -3.0280 14
4267.2 276.0 0.78370 4267.2 -2.2891 -3.4152 15
6096.0 276.06 0.78370 609E.0 -2.2891 -3.4152 16

TRACK 01
SUSE WEAPON I TRACKED BY RADAR I $

WEAPON 01 155 MR HOWITZER
STAG TINE CY 0 SECONDS
POSITIONS ARE 254.62 NETERS EAST, -266.833 METERS NCSTH,
AT AITITUDE O 3.83 METERS.
INITIAL VELOCITY IS 564 N/S
AZXIUTH O 1IR1 IS 2311 NILS1 QUADRANT ELEVATION IS 700 NILS
SHEII CIANITIR .155 NETERS, MASS 43.18182 KG

DRAG FACTOR IS 1.0, DRAG CURVE NUNEP IS 1
USE METVO CONCITICNS SPECIFIED IN PACKET 1.
RCS OTTION 0 (CONSTANT) VALUE OT -10 CBSM
SPIN CCSTANT IS .25 M/SS J

DRAG UNCERTAINTY C, SPIN UNCXPIAINTY 0 $:1PkDAR O0l ANI/FS-16 .Till AN/FPS-16 IS AN INSTRUNENIATICN T PA RADAR ICCATID
AT WALIOFS ISA 2 I2 VA,:
$LOCATION 73 0 METERS EASI, 0 IETWES NORTH AT ALTITUDE
WU.06 METERS. LCNGITUDE 4,.965721776 LATITUDE .6604!!2102

SICTICN 1 03/21.'78 15-.2C.01 PAGE 1
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AN/IPPS-16 155 NO REAL DATA ANALYSIS

:. EASUV ENT SPACE IS RANGE i, AZIMUTH I, ELEVATION 1,
BUT NO DOPPLER 0 OR SIGNAL NOISE RATIO O.

RADAR BIASES 0 MEES RANGE, 0 RADIANS AZIMUTH, 0 RADIANS
ELEVATION, a METERS DOPPIED

THERMAL ERROR SIGMAS ARE 50 METERS RANGE, .00078 RADIANS AZIMUTH,
.00078 RADIANS ELEYATION AND 0.0 H/S DOPPIED

JITTEf ERROR SIGMAS ARE 1.344 METERS RANGE, .000037 RADIANS AZIMUTH,.1 .000061 RADIANS ELEVATION AND 0.0 M/S DOPPLER
SEFERENCE RANGE( RANGE AT WHICH A ZERO DBSN TARGET RETURNS A SNR OF

ZERO DB) IS 5560CO METERS.
SNR THRESHClD IS -13 EB
FREQUFWCY IS 5600000000 HZ, ElEVATICN BIAMWIDTH IS .0108 RADIANS.
NC REMOVABIlE EASES 0 M RANGE, 0 RAt AZO RAD E1,O H/S DOPPLER
NO REMOVABLE MULTIPATH PARAMETERS A=O, B=O, C=O $

OUTPUT 02 .CNINAl TRAJECTORY
SGENERATE SECTION TVO,OPTION(1)
PRINT TRAO3CTCRY COVERAGE FOR RADAR NUMBER 1 TRACEING
WEAPON NUMBER 1. THE TRACK INTERVAL IS TO BE
FRCM 20 SECCNDS EVERY 1 SECOND TO VIPACT (-999).
THE PRINTOUT FORMAT IS TO BE IN VCLAf RAE FORMAT 2. THESE IS
TO BE NO TAPE CUIPUT 0 S

OUTPUT 03
SPRINT CONVERGENCE REPORT I ONLY ICI THE PIRST SUN I S

OUTPUT 07
SPRINT TRACK RESIDUALS 1, WRITE THEM TC TAPE 1, 7C0
All UNS 0 s

OUTPUT 09
SEXTSAPOLATE THE FITTED STATE VECTCRS TO THE GROUND
OPTION -2 AT LAUNCH 0 METEPS. rRDUCE MISS DISTANCE FLOTS IS

ESTIMATOF O4
SUSK MAXIMUM LIKELY ESTIMATOR 1, USE RADAR 0 FCS WEIGHT
CCRPUTATICN. STATE VECTOR INITIALIZATION IS -3 (USE
MEASUREMENTS. MAYIMUM NUMBER C I71ATIONS IS 10,
CCNVZFGENCE CPTICN 1 (POSITIONAL) VALUE IS .5 METERS.
NO A PRIORI VALUES 0
ESTIMATE POSITIONS I EAST 1 NCRTH I HlEIGlT

VELOCITIES 1 EAST 1 NORTE 1 EIGHT
DRAG, SPIN 1 1
Nc WIND 0 0
BIASES 0 0 0 0
MUITIPATH 0 0 0 -

END
(lX,2? 2.4,2712.8)

SECTICH 1 03/21/78 15.20.01 EAGE 2
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AN/FPS-16 155 MA R!AL DAIA ANALYSIS

RADAR 1 SACI I0 I0APON 1

I1ME(SEC) RM() A (M) EL(MR) RDO ZDOT LDOT VEL SNR(DD)

20.000 7721.5 2283.28 485.21 269.4 .23 -10.11 200.6 64.29
21.000 1908.2 2283.52 474.88 264.0 .25 -10.50 277.0 63.71
22.000 8249.6 2283.78 464.21 258.9 .27 -10.82 273.8 63.15
23.000 8505.0 2284.06 453.24 254.0 .29 -14.13 271.0 62.61
24.000 8757.6 2284.36 441.97 249.3 .31 -11.42 268.6 62.11
25.000 9004.6 2284.68 430.40 244.8 .32 -11.70 266.6 61.62
26.000 9247.3 2285.00 418.!6 240.6 .33 -11.98 264.9 61.16
27.000 9486.0 228S.,') 406.45 236.6 .34 -12.24 263.6 60.72
28.000 9720.7 2285.69 394.08 232.9 .36 -12.50 262.7 60.30
29.000 9951.8 228E.05 381.45 229.4 .36 -12.75 262.2 59.89
30.000 10179.6 2286.42 368.57 226.1 .37 -13.00 262.0 59.49
31.000 1040Q.1 2286.80 355.46 223.1 .38 -13.23 262.2 59.11
32.000 10625.8 2287.18 342.11 220.3 .39 -13.46 262.7 58.75
33.000 10844.7 228'*.57 328.53 217.7 ..39 -13.69 263.5 58.39
3U.000 11061.2 2287.97 344.74 21*.3 .40 -13.90 264.6 58.05
35.000 1127.! 2288.37 300.73 213.2 .40 -14.11 266.1 57.72
36.000 11487.7 2288.77 286.52 211..4 .41 -11.31 267.8 57.39
37.000 11690.3 22E9.18 272.10 209.7 .41 -14.51 269.8 57.08
38,000 11907,.3 2289.59 257.50 208.3 .41 -14.70 272.1 56.77
39.000 12115..0 2290.00 242.72 207.1 .41 -14.87 27U.6 56.47
10.000 12321.6 2290.42 227.76 206..2 .42 -1!.04 277.3 56.18
41.000 12527.4 229C.83 212.63 205.4 .42 -15.20 280..2 55.89
42.000 12732.5 2291.25 197.35 204..9 .42 -1!.3f 283.3 55.61
43.000 12937.3 2291.67 181.92 204.6 .42 -15.50 2136.6 55.33
44.000 13341.9 2292.09 166.36 204.6 .42 -15.03 290.0 55.06
45.000 1334i.5 2292.50 150.66 2014.1 .42 -15.75 293.5 5479
46.000 13551.4 2292.92 134.85 205.0 .42 -15.86 297.1 54.52
47.000 13756.6 2293.34 118.94 205.5 .41 -15.96 300.8 54.26
48.000 13962.5 2293.75 102.93 206.2 .44 -16.05 304.6 54.00
49.000 1W169.1 2294.16 86.84 207.1 .41 -16.13 308M4 53.75
0.000 14376.7 2294.57 70.68 208.1 .41 -16.19 312.3 53.50
51.000 14585.4 2294.98 54.47 209.3 .41 -16.24 316.1 53.25
52.000 14795.3 2295.38 38.21 210.! .40 -1f.27 319.0 53.00
!3.000 15006.4 2295.78 21.94 211.7 .40 -16.27 323.3 52.75
54.000 15218.7 2296.18 5.68 212.7 .40 -16.25 326.2 52.51

SC'ION 2 03/21/78 15.20.03 ;AGE 3
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AN/FPS-l 155 MN REAl DATA ANA.YSIS

SECTION 3 - IIEBATICNE

flONTE CARLC RUN NUMER I
x y Z VX Vy YZ KD KS WE WN

DX DY DZ DVX DVI DVZ 1.Kr DKS E.WE DWN
? B AE ED LE A E C

DPB DAB DEB DDB DA DB DC GTCTAL

ITESATICN I
5133.4 -4363.1 3570.7 205.8 -177.0 56.4 -500000E-03 0.00 0.0 0.0

-4-E 3.8 -2.7 1.5 -.9 1.0 .721475E-04 .22 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0. 0.
0.0 0.0 0.0 0.0 0.0 0. 0. 9274.5932

---- ITEPATIOl 2
5128.8 -4359.4 3568.0 207.3 -177.9 57.5 .572148E-03 .22 0.0 0.0

-.0 .0 -- 0 .0 -.0 .0 .541523E-06 .00 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0. 0.
0.0 0.0 0-0 0.0 0.0 0. 0. 28.14459

--- ITERATION 3
5128.8 -4359.3 3568.0 207.3 -177.9 57.5 .5726egE-03 .22 (.0 0.0

1.2 -1.1 .5 -.2 .2 -. 0 -.6363402-05 .00 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0. 0.
0.0 0.0 0.0 0.0 0.0 0. 0. 19.8402

---- ITESATION 4
5130.0 -4360.4 3568.5 207.1 -177.7 57.4 .5663262-03 .23 0.0 0.0

-. 0 .0 -. 0 .0 -. 0 .0 ".93454E-08 -. 00 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0. 0.
0.0 0.0 0.0 0.0 0.0 0. 0. 18.2106

---------------------------------- ---------

SECTION 3 03/21/78 15.2!.!O PAGE 4
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AN/9PS-16 55 H PEAL LATA ANALYSIS

MEASUREMENTS, WEIGHTS FOE PUN 1

NPT TIME RANGE IZIMUTH 1LEVTN EOPPLER SNE Q(NPT)
WEIGHT UBIGHT WEIGHT IIGHT RADAB EpOP

1 20.000 7624.9 2.275287 .487361 0.00 64.,51 13.35068
.553E+00 .730E+09 .269E+050. 1 0

2 21.00C 7888.5 2.275465 .477062 0.00 61392 6.63071
.553E+00 .730E+09 .2691 050. , 0

3 22.000 8147.3 2.275746 .466454 0.00 63.36 3.34112
.553E+00 .730E+09 .269E+090. .1 0

4 23.000 8402.1 2.275955 .455534 0.00 62.83 2.54443
.553E+00 .1305+09 .2691400. .1 0

5 24.000 8650.5 2.276236 .444273 0.00 62432 .52809
.553E+00 .I30E+09 .269E+050. 1 0

6 25.000 8896.5 2.276395 .432780 0.00 61.83 8.16152
" 553E+00 .130E+09 .269E+090. 1 0

7 2f.COO 9136.7 2.276740 .421047 0.00 61.37 8.42514
.553E+00 .1309+09 .269E+090.. .1 0

8 27.000 9374.4 2.277603 .408678 0.00 60..93205.61660
.553E+00 .130E+09 .269E+090. 1 0

9 28.000 9606.4 2.277315 .396396 0.00 60..50 3.81591
.553E+00 .130E+09 .2691+00o. 1 0

10 29.000 9834.4 2.277440 .383779 0.00 60.,09 53.21860
.553E+00 .130E+09 .2691+00. 1 0

11 30.000 10059.9 2.277941 .370941 0.00 59.,70 10.14647
.553E+00 .130E+09 .2691+090. .1 0

12 31.OOC 10282.7 2.278233 .357741 0.00 59,.32 16.06579
.553E+i00 .130E+09 .269E+00. .1 0

13 32.OOC 10502.5 2.278740 .344341 0.00 58.95 1.28782
S.553E+00 .130E+09 .269E+090. 1 0

14 33.000 10718.3 2.279032 .330710 0.00 58.;60 4.55044
.5535+fJ0 .130E+09 .269E+090. 1 0

15 34.000 10932.9 2.279432 .316850 0.00 58..25 3.45106
.552E+00 .130E+09 .2691+090. .1 0

16 35.000 11144.7 2..279716 .302762 0.00 57.92 9.33717
.552E+00 .130E+09 .269E+090. 1 0

17 36.000 11355.6 2..280156 .2e8498 0.00 57.59 3.49422
.552E+00 .130E+09 .269E+090. I 0

18 37.000 11564.4 2.280639 .274133 0.00 57..28 11.63634
.552E+00 .130E+09 .269E+090. .1 0

19 38.000 11769.2 2.280889 .259250 0.00 56.97 1..59434
.552?+'00 .130E+09 .2691+090. .1 0

20 39.000 11976.8 2.281365 .244506 0.00 5:.67 9.51268
.552E+00 .130E+09 .269E+090. 1 0

21 40.000 12180.7 2.281620 .229495 0.00 56..38 4.35412
.552E+00 .730E+09 .2691+090. 1 0

22 41.000 12384.9 2.281999 .214298 0.00 56..09 2.93849
.552E+00 .730E+09 .269E+090. 1 0

23 42.000 12587.0 2.282470 .198870 0.00 55..81 10.45647
.552E+00 .730E+09 .2691+090. 1 0

SECTION 4 03/21/78 15.20.26 PAGE 5
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A./5516 155 MM BEAL A A ANAL.YSIS

MASU8ESMEms, RZIUIPIS FOR RUN I

NPT TIME~ RANGE AZIMUTH!1 ELIVTN COPPLER Sill V(NPT)
WEIGHTI WEIGHIT 'V1IGH7 WEIGHT RAdii DPOP

2~4 43.000 12791.5 2.2828410 .183375 0.00 55.. 3 5.19856
.55l11+)0 .7301+09 .26914050. 1 0

25 4.OCO 12994.2 2.283147 .17666 0.00 5:4 25 7.75958
.5511+00 ."291+09 .2691+090. 1 0

26 45.000 13197.8 2.283655 .151949 0.00 54.98 11.20866
.55.1t+00 .729E+09 .2691+090. 1 0

27 46.000 13400.8 2.283954 .136181 0.00 54,72 1.C3215
.553R+00 .7291+09 .2691+090. J 0

28 47.000 13603.8 2.284390 .120031 0.00 514.46 8.85331.551E+00 .7292*09 .1691+090. 0

29 68.000 13809.0 2.284669 .104067 0.00 54..20 5.56927
.551+00 .7291409 .26914S00. 1 0

30 49.000 11012.9 2.285018 -0e7743 0.00 53.94 7.39039' .55fli+U0 .7291+09 .2691+090. .1 0
31 50.000 14217.4 .285451 .071618 0.00 53.69 2.25583

.5501+0 .1291+09 .269+0S0O. ,I 0
32 51..0C0 14423.4 2.285647 .055422 0.00 53.44 27.77243

.5508+00 .7291+09 .26940+0.. 1 0
33 52.000 14630.1 2.286186 .039536 0.00 51.,19113.65079

.550+00 .7291+09 .2691+090. 1 0
3 53.000 14838.0 2.286366 .023701 0.00 52.95306.68199

.550E+00 .729E+09 .269E#090.. 11 4

SECTICN 4 03/21/78 15.20.21 PAGE 6
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AN/YPS-16 155 Ni REAL rATA ANALYSIS

SlClICV 5 - STATE CCVARIANCE MATRIX Air CORREIATICN CCEFFICIANTS MC RUN I

1 ..146638+00
2 -.10735E+00 .11155E+00
3 .452252-01 -.38459E-01 .700891-01
4 -.146142-01 .96370Z-02 -.882352-03 .26535E-02
5 .97483E-02 -.11349E-01 .74100E-03 -. 165331-02 .20992E-02
6 -.1447OE-02 .12338E-02 -.375703-02 -.113312-03 .95379E-04 .28303E-03
7 -.216601-06 .183873-06 .510311-07 .56792E-07 -.48027E-07 -.73683E-08

.168331-11
8 -.113373-03 -.127383-03 -.512611-07 .29642E-O4 .3437E-O4 -.48662E-07

.57556E-l .32205E-05

STATE IIU~bP STIATE
1 X PCSzIICN
2 y ECSI'I1CH
3 Z POSITICN
4 X VELCCI1Y
5 Y VILOCIlYE VflCCII!

I DRAG (KD)
8 LIT (KS)

CORRTIAUICN COIFYICIANTS

1 1.0000000
2 -.8394152 1.0000000
3 .4461017 -.4349528 1.OCOOOOO
4 -.7408629 .5717737 -.0E469SS 1.0000000
5 .5556353 -.7416694 .0611226 -.7005019 1.0000000
6 -.2246190 .2495873 -.8435272 -.1307540 .1237406 1.0000000
7 -.4359857 .4243397 .1485706 .8497656 -.8079443 -.3375793

1.0000000
8 -.1649738 -.2125211 -.0001079 .3206526 .4188271 -.0016118

.0024720 1.0000000

i

SECTICN 5 03/21/7P 1!.20.;7 rAGE 7
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AlO/YPS*16 155 Ith R~EAL EATA ANALISIS

S~ETICH4 6 - LAUNtCH CONDITIONS A~9t NlIGHtT1!) MIMIU STATISTICS

N/S DEG D3 SIC

1 560.3 39.57 129.6 .19 2..313 10.627 5.271 0.000 18.211 0 19
2 S58.2 39..8 129.9 .18 .953 1.7'9 2.945 0.000 5.678 0 1
3 562.2 39.65 130.2 .17 1,109 .8f5 2.491 0.0O00 4.461 0 19

'E-1 559.8 39..59 130.2 .20 1.68S1 49.278 4.3049 0-000 10,263 0 19
5 563.6 39.62 130.2 .19 1.867 !.223 !.200 O.OO0 12.289 0 41
6 560.5 39.,59 130.3 .19 2.161 3.655 10.044 0.000 15.059 0 4

. 7 567.9 39.37 130.3 .25 4.721 6.OtS 13.762 0.,000 24.553 0 19
e 563.a 39.3 130.3 .20 2.113 1.975 7.993 0.000 12.081 0 4
9 56U.9 39.50 130.2 .21 .842 49.73S 2.920 0.000 8.510 0 19

10 561.0 39,.60 130.3 .25 1.939 3.!02 5.530 0.000 10.972 0 19

AVE 562.1 39.51 130.1 .20 1.969 1.271 6.047 0.000 1..288 19.0
SIG 2.7 .08 .2 .03 1.Ol4 2.623 3.404 0.000 5.687 0.0

TI:E AUCMI5 STATIS ICS IS BASED ON 10 CUT O tO 10 IS

SION 6 03/21/78 15-25.50 lAG! 8
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AN/FPS-16 155 RM REAL DATA ANALYSIS

SECTION 7 - TRACK RESXDUALS FOR FUN NUNEIF 1

NPT TIRE RH DR An DA IN DI EBB CDR IDRP

1 20.000 7625. 4.9 2.2753 -.001 .4874 -.009 0.0 0.0 0 1
2 21.000 7889. 3.3 2.2755 -.02! .4771 -'.022 0.0 0.0 0
3 22..OCO 8147. 2.1 2.2757 .033 .4665 -.007 0.0 0.0 0
4 23.000 8402. 2.1 2.2760 .000 .4555 .017 0.0 0.0 0
! 24.000 8651. .5 2.2762 .022 .4443 ..OG9 0.0 0.0 0
6 25.000 8897. 1.1 2.2764 -.093 .4328 .,06E 0.0 0.0 0
7 26.000 9137. .3 2.2767 -.035 .4210 .167 0.0 0.0 0
8 27.000 9374. 141 2.2776 .527 .4087 -'.090 0.0 0.0 0
9 28.000 9606. .1 2.2773 -.072 .3964 .009 0.0 0.0 0

10 29.000 9834. -1.2 2.2774 -.267 .3838 .. 033 0.0 0.0 0
11 30.000 10060. -1.5 2.2779 -.096 .3709 .090 0.0 0.0 0
12 31.000 10283. -1.4 2.2782 -.142 .3S77 .030 0.0 0.0 0
13 32.000 10502. -1.3 2.2787 ,021 .3443 .010 0.0 0.0 0
14 33.000 ,0718. -2.5 2.2790 -.039 .3307 -.OOS 0.0 0.0 0
1! 34.000 10933. -2.4 2.2794 .004 .3169 *.032 0.0 0.0 0
16 35.000 11145. -2.8 2.2797 -.073 .3028 -.066 0.0 0.0 0
17 36.000 113!6. -2.1 2.2802 001 .2885 -.065 0.0 0.0 0
18 37.000 11564. -1.7 2.2806 .11! .2741 ..03E 0.0 0.0 0
19 38.000 11769. -3.7 2.2809 -.008 .2593 -..181 0.0 0.0 0
20 39.000 11977. -1.7 2.2814 .093 .2445 -.07S 0.0 0.0 0
21 40.000 12181. -2.3 2.2816 -.029 .2295 -.057 0.0 0.0 0
22 4.000 12385. -1.7 2.2820 -.02S .2143 -.,0!4 0.0 0.0 0
23 42.OCO 12587. -2.5 2.2825 .062 .1989 -.123 0.0 0.0 0
21 43.000 12792. -.6 2.2828 .0!1 .1834 -. 107 0.0 0.0 0
25 41.OCO 1299. -.2 2.2831 -.023 .1677 -.166 0.0 0.0 0
26 45.000 13198. 1.0 2.2837 .104 .1519 -.100 0.0 0.0 0
27 46.000 13401. 1.5 2.2840 .023 .1362 ..033 0.0 0.0 0
28 47.000 1360. 1.5 2.284 -.018 .1200 -.Ic 0.0 0.0 0
29 18.000 13809. 3.0 2.2847 .018 .1041 .037 0.0 0.0 0
30 19.000 14013. 2-5 2-2850 -.04! .0877 -.095 0.0 0.0 0
31 50.000 14217. 1.7 2.2855 .014 .0716 .,044 0.0 0.0 0
32 51.000 14423. 1.3 2.2856 -.162 .0554 ..170 0.0 0.0 0
33 52.OCO 11630. .2 2.2862 .008 .0395 650 0.0 0.0 0
34 53.000 11838. 0.0 2.2864 0.000 .0237 0.000 0.0 0.0 4

TRACK RESIDUAL S7ATISTICS SUN I

RAOGE(M) AZIMUTH(MR) 1!VATION(MR) DCrEE.-i(/S)
AVEGE -.O4O .000 .001 0.000

SIGMA 2.046 .121 .140 0.000

-----------------------------------------------------------------------------------------------
SECTION 7 03/21/78 15.20.27 9
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00

010

*ESGI .00 .0. 04

t, 0.0

AVE'SI1A 0.000 .20

0.0

0.5

20. 2 W 3,0 . 45. b 0

AVESIBMA .00, .1'i0 !!ME (SEC)

+MC I DEMONSTRATION PUN
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AN/FPS-16 155 M.4 REAL DAIA ANALYSIS I
SICIION 8 - ESTIMATICN STAIISTICS ( .ST-TDR!)

mC KS WE WN FE AE EU UP Al El cm

1 66326E-03 .23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.500000?-03 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0..
.6632!61-04 .23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

2 .5625911-03 .22 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.5000001-03 0.00 0.0 0.0 0.0 C.0 0.0 0.0 C.0 0. 0. j
.6259131-04 .22 0.0 0.0 0.0 0.0 0:0 0.0 0.0 0. 0.

3 .565083E-01 .21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

.500000e-03 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

.650e271-04I .21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
4 .5573032-03 .23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

.500000-03 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

.573C261-0 4 .23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

5 .567288E-03 .24 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.5000002-03 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.6728e77-0i .24 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

.560001-03 .2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

.5000001-03 0.00 0.0 0.0 0.0 0.0 0.0 0.0 C.0 0. 0.

.65 8l8-041 .24 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

7 .5705281-03 .23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.500000E-03 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.7052821-04 .23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

8 .564491-03 .23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.500000E-03 0.00 0.0 0.0 0.0 0.0 0.0 0.0 C.0 0. 0.
.6449061-0 4 .23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

9 .57251421-03 .23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.50000E-03 0.00 0.0 0.0 0.0 .0 0.0 0.0 0.0 0. 0.

.725419E-04 .23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

10 .557701E-03 .214 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.5000001-03 0.00 0.0 0.0 0.0 .C 0.0 0.0 C.0 0. 0.
.577C514E-04 .214 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

ESTIIATICN STATISTICS BASED ON 1C CU7 OF 10 RUNS

KE KS WE WN FB AE EBDB0 An BM CHi
.6149676Z-04 .23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.462194E-05 .01 '0.0 0.0 0.0 0.0 0.0 0.0 0.0 0i. 0.

-- - - - - -- - - - - - -- - - - - -- - - - - - -- - - - - -- - - - - - -- - - - - -

SicIIok4 c 03/21/78 15.25.50 AE1
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£flPS-16 155 .N REAL DATA INALYSIS

SECTIZON 9 IM11REePT R CUT:IVI

INTZRCIPT I OPTIOI -2(SP ECIFIND ALTITUDE )VALUBA 3.83000 1
STATISTICS BASID ON 10 CUT OF 10 RUNS

tiC I (.) y (N) Z (a) 1 () GOOD lTa 0

1 19.4 -13.2 -.0 23.5 0
2 28.8 -19.0 -.0 34.5 0
3 28.5 -17.5 -.0 33.5 0
'4 20,8 -15.0 -.0 25.7 0
5 21.2 -17.? -.0 27.6 0
6 17.6 -10.3 -.0 20.4 o

-7 1.3 6.6 ..0 6.7 0
8 16.7 -8.2 -.0 18.6 0 A
9 1=.6 -1C.9 -.0 19.0 0

z 10 20.0 -11.2 -.0 22.9 0

A l 19.0 -11.6 -.0
SIG 9.9 1.5 0.0
AVUFAE iRz 23.2 11, SIGNA R- 1 , CEP 2..2 H

IZ

" Ii

W3

11

SC!ION 9 03/21/78 15.26.,3 AG 20
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DEMOSTRTIO RU ICAST COMPONENT OF LOCATION ERROR
AN/FPS-16 155 MM REAL DATA ANALYSIS

COV CEP OF PROS 5: 6.1 M CEP= 13.2 M4
XBAR EAST= 19.0 M YBAR NORTH= -11.6 M
ELLIPSE AXIS MAJOR= 9. M MINOR= 1.5 M THETA= 133.8 DEG
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lx'montraitioli 0xanq)le I depicts LOOIli workinig ill a real envirnent. The1

~i Isigiiificavt featulres and results Of Ceh Output Sli-Cl'cX' are nloted below.

SiVIOl' I Thsis a1 listing of the IXNATTiI input cardls.

SEiCr!' 2 This Jisai simulated trajectory computed 1)by .O(AITIRI accordin to the nom11inl
launch 1xiraifleters and Sy'stemf geriUCtry jprsented ill 'igure 71

SliclION3 '11C wtovector convergeace criterion, .5mate il each position, allwk
Sli~1l convegenc in2ieations for thle fi rst round (Monte Carlo run munbor 1).

A daita edlit. test was1 iinvoked after iteration #2 resulting inl Iesreet
being decl4:ared bad. Irv initial perturbation (thle liac starting witdi -4.0(
3.8 etc.) demtonstrate's that the initial state vector ats comp~uted only frwil
thc me1asurements; was very close to thle rca I1 weaponl lunch poinit.

SI:C'I(N 4 1This sectioi presents the track file. measurement time, mesrmnsand
weiphts, signal noise ratio and weightedl track residual for each track
tie. Measuremlient #34 with TD1fli53 sconds qualified as at bad( point from
thle data editing test as thle weighted residual Qa3O6.7. The SNIZ is
computed as the measured quiantity is tulavaltable.

Sl.iClIN 5 Thei ability to estimate different states of the system depenlds upon their
fitilct-na 1 relatio~nship and the radar mea suring capabilities. The array of
co'relat ionl Coeff icients indicate thle (kegree to which Variables are
related, hience their seplarability, with high correla Lion -+1 and nto
correlaition -0. The drag state and 11 ft state are relatively Tu1depenident
as CC(S,',*) .002 with drag being the 7th state and li ft being the 8th
state.

Sl'-CI'lCV 6 This sec-tionl presents Illninch lp)rain-tei statistics. '1110 '4aluidard dev.iationls
of the initial velocities (2.7 nVs), quadranlt elevati (.08 degree ) and
azimiuth of firei (.2 degvw indicate thle high quality otf thle .iu, crew. The

increasing of thle azinath of f~ire is mos t l ikely. due to barrel
1'elos i ticn ing fromt reco il.

Sl3Cfl 7 'lie standard devwiations of the muasuirement residuals: ranlge (2 11) , azimuith
(.12 tilt) and -olevation (.14 tilt) indicate thle a"xcep)t-On'l quality of this
datit. Thll a rm easurentent , IML -'S53 seconds, was probably dropped as-. thle
projectile spluisled or skipped onl the water. The range. residiuals plot
indicate a1 systevatic error as; thle residuail's do not exhibit just ranldom
to ise.I

SECfIOIN 8 Thei s;td. dev. of the drag estimate based onl 10 runs is .46219411% 1 whichI indicates that drag Canl be estimated to .82%. ll1is error. whenl extrapolated
back to the lauinch point is respons ibleo for mast of the( locationl errior inl
thle trajectory lleR.

SE ItLIN 9 After each trajectory is back extralpolated 20 seconds to the,. grotund, therev
is a bias of 19.0 meters Hiast 11nd -11.*9 m1eters 'X1:rthl for thlt meanl ituch
location of the Ih~xitzer. 111e eqluivalent ellipsoid, which is Computed by
d lagona liz ing the miss li stanco covariJance ma4trix, has a sei -major axis of
9.9 In and at semi -minlor axis of 1.2 In. The (M)P is 23.2 it,.

P~ossible error's which really cani not be removed result t.fromk (1) radar - weapon surveying

inaccuracies, (2) thle dynamnic model , (3) the radar noise error model , and (4) the

meteorological conditions wcre, recorded at every 300 in inl al Litudle which mly have ben too

coarse.



7.,' Complet' Simulation

7.2.1 Proble.ii - Illustaioni

1t previous example used L'MYIUI1'S dlynamics to estimaute a fitted trajectery through

real data. '1110 purpose of this zunl IS to vXP101re tile effectS Of SubSti LutLIg thle real

1MeaurMen010ts by sjhtulatcd muasurements. i'hase are produced by extrapolat ing the State vector

(generated from the daita Ii Figure 7-.) to the 11easurement times, and adding radar noise. All

other pruamters: thle radar model anid metcot olog ica1 condclitionis (Taible 7-2) , zire Identical to

the exaaiple Ini Section 7. 1.

A
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7.2.2 Sitp)1 Output

SIMULATION AN/FPS-16 155 MM HCWITZER

---- INPUT DATA CARDS----

SIMULATION AN/FPS-IE 155 NM HCNITZER
MISSICN 01

P1 UN 10 MONT T CARLO IUNS, PnOGRAM DUN MODE 1 ( CCMNLETE
SIMWJA ICN) $

METRO 01 METEOROLOGICAL CONDITICNS FCR BOUNDS !124 To 5169
THE FOLLOWING TAlE IS A LAYERED METICROLOGICAI MESSAGE.
THE CCIUMNS ARE: 1. HEIGHT(METERS) CF TIMP AND DENSITY
2. TEMPERATURE (KELVIN), 3. DENSITY (KG/M**3), 4. HEIGHT
(METEFS) CF WINDS, 5. EAST WINE CCMPONENT (HIS), 6. NORTH
WIND COMPONENT.
SUSE :YPE 3 METRO PACKET (LAYFRED), THE FCPMAT IS $

(rF1O.O)
0.0 300.73 1.16797 0.0 -3.7495 1.1118 1

304.8 299.83 1.13433 304.E -2.5638 -1.3424 2
909.6 297.39 1.10590 609.6 -1.3125 -2.5714 3
914.4 293.96 1.08120 914.4 -0. 1536 -3.0598 4
1219.2 292.43 1.C4967 1219.2 0.1701 -2.9015 5
1524.0 290.49 1.02037 1524.C -0.0444 -2.!546 6
1828.8 288.63 0.99163 1828.8 -0.3735 -2.4936 7
2133.6 286.99 0.96250 2133.f -0.8256 -2.9002 8
2438.64 28.23 0.93493 2438.4 -1.0068 -3.4121 9
2743.2 283.73 0.90670 2742.2 -1.0664 -3..ge4 10
3048.0 282.16 0.87890 3048.0 -1.2161 -3.5510 11
3352.8 280.59 0.85177 3352.E -1.5483 -2.2232 12
3657.6 279.19 0.82483 3657.6 -2.0625 -3. 1227 13
3962.4 277.43 0.79957 3962.4 -2.2255 -3.0280 14
11267.2 276.06 0.78370 4267.2 -2.2891 -3.4152 15
6096.0 27f.06 0.78370 6096.C -2.2891 -3.4152 16

TRACK 01
SWEAFCN PACKET 1, RADAP PACKET 1, 1 INTEPVAL,
TIME OPTION 3 OF 20.0 SECONDS 10 1IFE OPTION 3 CF 53.0 SECONDS.
THE FI IS 1.0 SECONDS. $

WEAPON 01 15E MM fOlI"TZER
STAG TIME CF 0 SECONDS
POSITIONS ARE 25U.62 METERS EAST, -266.833 METEBS NCTIIf,
AT AITITUDE Of 3.83 METERI.
INITIAL VELOCITY IS 564 M/S
AZIMUTH CF FIRE IS 2311 MILS
QUADRANT ELEVATION IS 700 MILS
SHELL DIAMETER . 155 METERS, MASS 43.18182 KG
DRAG FACTOR IS 'I.C, DRAG CURVE NUMBER IS 1
USE METRO CONDITICNS SPECIFIED IN PACKET 1.
RCS OPTION 0 (CONSZANT) VALUE OF -10 DBSM
SPIN CCNSTANT IS .25 M/SS

DRAG UNCERTAINTY 0, SPIN UNCERPAIETY 0 $
RADAR 01 AN/FPS-16

THE AN/FPS-16 IS AN IISTRUMENIATICN TYPE RADAR ICCATED
AT WAILCPS ISLANE, VA.

SECTION 1 03/21/78 15.31.17 PAGE 1
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SIMUIATICN AN/FPS-16 15! MM EOWI'TZER
-- - - - - - - - - - -- - - - - - -I- - - - - - - - - - - - - - --- - - - - - - - - -

$I.CCATICN IS 0 ME12RS EAST, 0 METERS NORTH AT ALTITUDE
146.06 METERS. LONGITUDE 4.965721776 LATITUDE .6604~552782
MEASUREMENT SPACE IS RANGE 1, AZIMUTH 1, ELEVATION 1,

BUT NO DOPPLER 0 OR SIGNAL NCISE RATIO 0.
RADAR BIASES 0 METERS RANGE, 0 RAL'IANS AZIMUTH, 0 RADIANS

ELEVATION, 0 METERS DOPPLER
THERMAL ERRCR SIGMAS ARE 50 METERS RANGE, .00078 RADIANS AZIMUTIF,

.00078 RADIANS ELEVATION AND 0.0 H/S DOPPLER
JITTER ERRCR SIGMAS ARE 1.344~ METIPS RANGE, .000037 RADIANS AZIMUTH,

.000061 RADIANS ELEVATION AND 0.0 MIS DOPPlEF
PEFERENCE SANGEC RANGE AT WHICH A ZERO DDSM TARGET RETURNS A SNR OF

ZERO DD) IS 5560C0 METERS.
SIGNAL NOISE RATIC THRESHOLD IS 13 ED
FREQUENCY IS 5600C00000 HZ, ELEVATICN B9AMVIDTH IS .0108 RADIANS.
NC REMCABIl EXASIS 0 M RANGE, 0 RAr A"Z,ORAD EL#O M/S DOPPLER
NO RE1 0VABLE NULTIPATH PARAMETERS AnO, BDm0, CRO$

OUTPUT 03
SPRINT CONVERGENCE REPORT 1 ONLY FCF THE FIRST SUN 1 S

GUTPU'" 07
SPRINT TRACK RESIDUALS 1, WRITE THEM TO TAPE 1, TCF
ALI PUNS 0

OUTPUT 09
$EXTRAPCLATE THE FITTED STATE VECTORS TO THE GROUND
OPTION -2 AT LAUNCH 0 METERS. PRUDUCE MISS DISTANCE PLOTS 1$

ESTIMATOR 01
$USE MAXIMUM IXKELY ESTIMATOR 1, tSE RADAR 0 FCB WEIGHT
CCMtUTATION. STA:E VECTOR INITIALIZATION IS -1 (USE
T.FUE STATE VECTOP) * MA IMUM NUMBEF CE ITERATIONS IS 10,
CCNVESGENCE CF'ICN 'I (POSITIONAL) 'JAIUE IS S~ METERS.
NC A MROSI VALUES 0
ESTIMATE POSITIONS 1 EAST I NCI'TH 1 HEIGHT

VELOCITIES I EhST 1 NORTI: I EEIGHT
DRAG, SPIN 1 1
NC WIND 0 0
BlAiEs ( 0 0 0
NU4IATHI 0 0 0

END

-------------------------------------------------------------------------------------------------- ------

SfCmIoN 1 03/21/783 15.31I.17 EAUX 2
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I
SIMULAT"ION AN/ PS-'I 155 MY IIC'ITZ1R

M CNTE CARLC P UN NUREIR 1
X y Z v l /¥ YZ VD KS lWE WN

DX DY DZ DVX DVY DVZ DNE CKS DWE DN
.'B At ED CE I r C
DB DAE DEB DDB DA DD DC CTCTAL

ITVATICN 1
5168.7 -4465.0 3601.3 207.0 -ie0.9 56.2 .55636fE-03 .25 0.0 0.0

.2 -.1 0. .0 .1 .0 .2175521-06 .00 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0. 0.0.0 0.0 0.0 0.0 0.0 0. 0. 3.3231

ITEFATICN 2
5168.9 -W46.7 3601.2 207.0 -100.9 56.2 .!56586E-03 .25 0.0 0.0

.0 -.0 -.0 -.0 .0 .0 -. 114117E-OS .00 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0. 0.
0.0 0.0 0.0 0.0 0.0 0. 0. 3.0137

.... z AlION 3
51f.8.9 -4465.7 3601.2 207.0 -180.9 56.2 .5565E6E-03 .25 0.0 0.0

-.0 .0 -.0 .0 -.0 -.0 .6229801-13 .00 0.0 0.00 .0 0.0 0.0 0.0 0.0 0. 0.
S0.0 0.0 0.0 0.0 0.0 0. 0. 3.0131

-12

SECTICN 3 03/21/78 15.32.53 VAGI 3I.
!
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SIMULATION AN/FPS-16 155 BN HCIITZR

IIISURININTS, WRIGHTS POR RUN 1

NPT TIME RANGE AZIMUTH IIVTN DCPPIR SHR (NPT)
WEIGHT WEIGHT WEIGHT WRIGHT RIDAB DROP

1 20.000 7724.0 2.283312 .485184 269.41 64.29 2.44766
.5531+00 .7301+09 .2691+090. 1 0

2 21.000 7987.7 2.283581 .474813 264.03 63.71 .93739
.553E+00 .7303+09 .2691+090. 1 0

3 22.000 8248.8 2.283789 .464124 258.87 63.15 2.36869
.553R+00 .7301+09 .2691+090. 1

4 23.000 8508.3 2.284089 .453243 253.96 62.61 2.2214
.553R+00 .7302+09 .2691+090. 1 0

5 24.000 8759.2 2.284378 .441827 249.28 62.11 4.14151
.5531+00 .7303+09 1.2691+090. 1 0

6 25.000 9004.9 2.284773 .430428 244.83 61.62 4.90821
.5531+00 .7302+09 .2691+090. ,1 0

7 26.000 9246.7 2.285057 .418596 240.62 61.16 2.39294
.553R+00 .730E+09 .269E+090. 1 0

8 27.000 9485.3 2.285316 .406511 236.64 60.72 3.33964
.553E+00 .730E+09 .269E+090. 1 0

9 28.000 9723.0 2.285680 .394055 232.90 60.30 2.48053
.553E+00 .7301+09 .2691+090. 1 0

10 29.000 9950.1 2.286035 .381557 229.39 59.89 6.84811
.5531+00 .7301+09 .2691+090. 1 0

11 30.000 10177.7 2.286375 .368516 226.11 59.49 4.89319
.5531+00 .7301+09 .2691+090. 1 0

12 31.000 10403.8 2.286904 .355401 223.07 59.11 8.57106
.553E+00 .730E+09 ;,2691+090. 1 0

13 32.000 10626.8 2.287204 '.342169 220.26 58.75 2.04520
.553E+00 .730B+09 .2691+090. 11 0

14 33.000 10845.1 2.287532 .328440 217.68 58.39 3.06679
.553E+00 .730E+09 .2691+090. ,1 0

15 34.000 11060.2 2.287954 .314691 215.34 58.05 1.23512
.552E+00 .7303+09 .2691+090. A 0

16 35.000 11276.1 2.288348 .300713 213.23 57.72 .37815
.552E+00 .7301+09 .2691+090. 1 0

17 36.000 11487.6 2.288773 .286501 211.36 57.39 1.28161
.552B+00 .730E+09 .2692+090. "1 0

18 37.000 11699.1 2.289163 .272105 209.72 57.08 .44829
.552E+00 .730E+09 .269E+090. J 0

19 38.000 11908.4 2.289556 '.257531 208.31 56.77 1.62459
.5523+00 .730B+09 .2691+090. '1 0

20 39.000 12116.0 2.289994 .242643 207.13 56.47 2.13426
.552E+00 qr3 0 B+0 9 1 2692+090. '1 0

21 40.000 12318.6 2.290461 '.227794 206.17 56.18 6.58113
.5522+00 .7303+09 .2691+090. I 0

22 41.000 12528.5 2.290850 .212587 205.44 55.89 1.65610
.5523+00 .7301+09 .2691+090. .1 0

23 42.000 12733.4 2.291258 .197241 204.94 55.61 3.91303
.552E+00 .7301+09 .269P4090. 1 0

SECTION 4 03/21/78 15.31.27 PAGE 4
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SItULATICN AN/YPS-16 15! MMR OWI ER

REASOPERNTWS, VIIGHIS ?OR RUN I

NPT TIME RANGE AZIMUTH ILIVTN LOPPLE. SHE C(NPT)
%EIGHT W EIGHT WEIGHT WEIGHT RXflR rROP

24 43.000 12934.6 2.291680 .181953 204.64 55.33 3.88078
.554E+00 .7302+09 .2691+090. 1 0

2! 44.000 13,142.8 2.292067 .166298 204.56 55.. ..92583
.5511+00 .7291*09 .2691+090. 1 0

26 45.000 13347.7 2.292495 .150666 204.69 54.79 1.18368
.5511+00 .7291+09 .2691+090. 1 0

2'I 46.000 13550.5 2.292903 .134199 205.01 54.52 1.37581
.5511+00 .729Ei09 .2691+090. 1 0

28 47.000 13156.8 2.293342 .118921 205.53 54.26 .31398
.5511+00 .7291+09 .2691*050. 1 0

29 48.000 13960.7 2.293692 .103059 206.23 54.00 7.77663
.5511+00 .7292+09 .26914090. 1 0

30 49.000 14167.5 2.294148 .086832 207.10 53.75 1.0779f
.5502400 .7292+09 .26914090. 1 0

31 50.000 14377.9 2.294611 .070806 208.13 53.50 6.13165
.5501+00 .7299+09 .26914090. 1 0

32 51.OOC 1487.8 2o294986 .054510 209.28 53.25 4.64292
.5501+00 .7291+09 .2691+090. I 0

33 52.000 14794.5 2.295427 .038222 210.51 53.00 1.20972
.550B+00 .7291+09 .26914090. 1 0

34 53.000 15003.9 2.295777 .021900 211.71 52.75 2.93251
.550E+00 .7293+09 .2691.090. 1 0

SECTION 4 03/21/78 15.31.26 PAGE 5
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SIRUIATICN AN/!PS-16 1 5 MR HOWITZER

SECTION 5 - STATE CCVARI&NCE NATEIX AN CORREATICH CCY1ICIANTS AC RUN 1 . I

1 .141683+00
2 -.104651+00 .110913+00
3 .425801-01 -.368022-01 .690382-01
4 -.137171-01 .92609E-02 -.68170E-03 .241643-02
5 .916461-02 -.1093d-01 .578371-03 -.149873-02 .19615E-02
6 -.120541-02 .104491-02 -.364261-02 -.13543E-03 .116101-03 .273371?-03
7 -.193093-06 .166681-06 .493421-07 .491411-07 -.42245E-07 -.727733-08* l10161-i l

8 -.111671-03 '.11995E-03 4180932-0f .203771-04 .317111-04 -.920813-07
.132851-10 .19362E-05

STATE NUMER STATEI X POSITION
2 Y rCSITICI j
3 Z POSITION
4 1 VELCCITI
5 Y VELOCITY

6 T VELOCITY7 DRAG(Kr)

e lIFT (!S)

COP! YATICN CCIFFICIANTS

1 1.0000000
2 -.E347892 1.0000000
3 .4305359 -.4205665 1.0000000
4 -.7413319 .5656870 -.0527794 1.0000000
5 .5497485 -.7415887 .0497013 -.6883993 1.0000000
6 -.1936864 .1897636 -.8384132 -.1666327 .1585495 1.0000000
7 -.4332952 .4227436 .1506211 .8443964 -.8056962 -.3717716

1.0000000
8 -.1731409 -.2101909 .0004019 .3368950 .4178556 -.0032501

.0065487 1.0000000

-----------------------------------------------------
SECTION 5 03/21/78 15.31.28 ;AGI 6
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SINULkTION &N/rPS-16 155 HE HOWITZPM

SECTION 6 -LAICH CONDITIONS AND WEIGHITED RESIDUAL STATISTICS

RUN T0 03 XZP T YIRR OR CA OR Q1DCT Q TOT MI NITIR
H/S DIG DIG SEC

1 5641.0 39.8 130.0 ..00 1.1113 .831 1.0110 0.000 3.014 0 3
2 563.2 39,40O 130.0 -.01 .905 1.392 .770 0.000 3,.067 0 2
3 5611.0 39.38 130.0 -.00 .8*7 .840 .877 0.000 2.564 0 3
41 5641.3 39.36 130.0 .00 1.322 .0* .689 0*.000 2.015 0 3
5 5641.3 39.37 130.0 .00 1.290 1.0141 .665 O..000 2.970 0 23
6 563.2 39.410 130.0 -.00 .871 1.326 .533 0..000 2.731 0 2 -'

7 565.0 39.34 130.0 .01 1.253 .989 .856 0..000 3.099 0 2
P-8 5641.9 39.341 130.0 .01 .8*11 1.183 1.139 0.000 3.166 0 2

9 562.9 39.411 130.0 -. 01 1.015 1.008 .960 0.000 2.983 0 3
10 563.1 39.411 130.0 -.01 .659 1.013 .919 0.000 2.591 0 3

AVE 563.9 39.38 130o0 -.00 1.015 '1,0110 .8415 0.000 2.900 2.5
SIG .7 .02 .0 .01 .2141 .192 .1741 0.000 .202 .5 1

THE ABOVE STATISTICS IS BASED ON 10 CU'I CY 10 RUNS -

SECTION 6 03/21/78 15.32.53 1AG1 7



SIZIULTIGN AH/FPS-16 155 rfl ECSITZBRP
SECTION 7 - TRACK RESIDUAIS krCR RUN WUMEFF I

1 20.000 7724. 2.0"2.2833 -.016 .4952 .014 269.4 0.0 0
2 21.000 7988. -1.0 2.2836 .019 .3748 -.02! 26.0 0.0 0
3 22.000 829. -1.3 2.2838 -.030 .1641 -.056 258.9 0.0 0
2 23.000 8508, 1.9 2.281 -.00f .1532 .034 254.0 0.0 0
24.000 179. 1.2 2.282 -.010 .418 -.111 249.3 0.0 0

6 25.000 9005, -.1 2.2928 -076 .4304 .0!0 204.8 0.0 0
7 26.000 927. -.9 2.2851 .037 .1186 .057 240.6 0.0 0
8 27.000 9485. -.9 2.2053 -.069 .1065 .Oe0 236.6 0.0 0
9 28.000 9723. 2.0 2.2857 -. 023 .3941 -.004 232.9 0.0 010 29.000 9950. -2.0 2.2860 --024 .3816 .1;4 229.4 0.0 0

11 30.060 10178. -'2.1 2.2864 -.050 .3685 -.018 22.1 0.0 0
32 51.000 1458. -.5 2.2869 .104 .3554 -.046 223.1 0.0 0
13 32.000 10627. t8 2.2872 .022 .3422 .070 226.3 0.0 014 33,000 i0845. 1;2 282E5 -.039 ,3284 -,085 217.7 0.0 0

34 3.000 11060. -11 2.2880 -.011 .317 -.041 215.3 o.0 0 j16 35.000 11276. .5 2.2883 -.Olt .30Q7 -. 012 213.2 0.0 0
17 36.000 11488. -.2 2.28a8 .005 .2866 .068 211,4 M. 0
18 37.000 11699. .8 2.2892 ".012 .2721 .002 209.7 0.0 0
19 38.00C 11908. 1.2 2,2896 -.029 .2575 .030 200.3 0.0 0
20 39.000 12116. 1.1 2.2900 -.005 .2426 '-.070- 20%l1 0.0 0

21 40.000 12319. -2.9 2.29CS .040 .2278 036 206.2 0g 01
22 -1.000 12528. 1.2 2.2900 .020 .2126 -. Q7 205.4 0.0 0
23 42.000 12733. .9 2.2913 .010 .197 -_l12 203.9 0.0 0
24 43.000 12935. -215 2.2917 .014 .1820 .027 704.6 0.0 02! 44.OQO 13143. 1.1 2.2921 -.018 .1663 -.062 204.5 0.0 0
26 45.000 13348. 1.4 2.2925 -.000 .150 -.001 204.7 O.G 0

27 76.000 13551. -.6 2.2929 -.018 .1348 -.060 205.0 0.028 47.000 13757. .5 2.2933 .005 .1189 -.024 205.5 0.0 0
29 48.000 13961. -1.4 2.2937 -. 060 .1031 123 206.2 0.0
30 49.000 14167. -1.2 2.2941 -.01f .0868 -. 314 207.1 0.0 0

31 50.0C0 14378. % 6 2.2946 .037 .0708 .118 208.1 0.0 0
32 51.000 14588. 2.8 2.2950 .004 .0545 .036 20M3 0.0 0
33 52.000 14795. -.3 2. 954 .040 0382 .001 210.5 0.0 0,
34 53.000 15004. -2.0 2.2958 -,.013 .0219 -.049 211.7 0.0 0

TRACK RESIDUAL STATISTICS RUN 1

RANGE (H) A?,IHUTH (MR) 11TVATION (MR) pcPr11R (m/S)

--------------- ---------------- ----------------

-f oo ooo< 000 -

SC-ION 7 03/21,/78 1.31.28 PA. 8t

154



I__ _ _ _ _ _ _ 1 1 -0 '7,, ' . -

-- ----" "-- - --- --- -- --- --- --- -- --- -- --- .....,- 1 ..... i • "

*,0 0' 0

AVE,SIGRA -. 003 1.439

0.19-

* £

-------------. .......................... . . . . . .................. --- --

0

3C

.. .. . .. ............ ........... ............ ... . . . . . . . . .

-- -- - - • .. . . . .#- - - - - . . . ... . . .... ..................

0.0 _ _ -

00.0

I-

20 5.3005.0 4 505.

0,. 
- 0 • , ' ' , 0 l ' . . . .' ' I

AV0 ,SIGMA 0 00 .03 TIME (SEC'

i-c I DEMON.TRAiTInhl RUN

11

! ss



SINCIATICR AN/IPS-16 155 AM E0GITZEI

SICTIC 8 - 1SIIH1IICN STATISTICS (EST TB01)
dc N D iS VE W RE E At EB DB All BA CA

1 .5565861-03 .25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.5563682-03 .2. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.2174I381-06 .00 0.0 0M0 0.0 0.0 0.0 0.0 0.0 0. 0.

2 .5511-81I-03 .25 0.0 0.0 0.0 0.0 0.0 0,0 C.C 0. 0.
.5563681-03 .2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

-. 138(4171-05 -. 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0, 0.

3 .556619E-03 .25 0.0 0.0 0.0 0.0 0.0 0.0 C.0 0. 0.
.556368-03 .25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.2506641-06 -.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

4 .5569742-03 .25 0.0 0.0 0.0 0.0 0.0 0.0 CA 0. 0.,
!.5563683-03 .25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

.6051751-06 .00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

5 .5569431-03 .25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.5563681-03 .2E 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.57457111-06 .00 0.0 0.0 0.0 0.0 0.0 0.0 Q.C 0. 0.

6 .5548951-03 .25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
:5563681-03 .25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
-.1472931-05 -.00 0.0 0.0 0.0 0.0 0.0 0.0 0.00. 0.

7 .55e0521-03 .25 0.0 0.0 0.0 0.0 0.0 0.0 O.G 0. 0.
.5563681-03 .25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.1683101-05 .00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

8 .5578701-03 .25 0.0 0.0 0.0 C.0 0.0 0.0 0.0 0. 0.
.556368E-03 .25 O.C 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.1502072-05 .00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 C. 0.

9 .5543901-03 .25 0.0 0.0 0.0 O.C 0.0 0.0 0.0 0. 0.
.556368E-03 .25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

-. 197813E-05 .00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 'V. 0.

10 .5548721-03 .25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.556368E-03 .25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0. i

-.1496322-05 -.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

ISSNATONSTA1STCSBASED ON 10 CU'I 0? 10 S~UNS

.(D KS WIE WE FE AE !B B in 5" 3
-. 1498531-06 .00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.1261291-05 .00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.---------------------------------- ---------I---SECTION 8 03/21/78 15.32.S3 FAGE 18
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: j SIMULATION XX/FPS-16 155 BE HOVITZER
- - - -- - - - - - - - -- -- -- - - - - - - - -- - - - --- - -- - - - - - - - -

SECTION 9 ±N18RCEPTi ROUTINE

INTERCEP~T 1 0PTXO9 -2(SI'ZCIrIED ALT12UDE )VALUIs 3S.83000I

2STATISTICS BASID 01 10 CUT OF 10 RUNS
"C I (H) Y(H) 2(H) a (H) GOOD FIT* 0

1 -. 0 -2.3 .0 2.3 0
2 3'6 -2.1 -. 0 1.

3 1.9 -. 9 .0 2.1 0
'4 -1.6 .9 .0 1.9 0
5 -1.5 .1 .0 1.5 2. 22 -0 37 0

7 -5.1 3.3 .0 6.0 0
8 -'4.6 .7 .0 '4.7 0
9 3.9 -4.2 -.0 5.8 0

10 £i.9 -2.1 -. 0 5.3 0

A- VE .4 -. 9 .0
SIG 349 .9 0.0
AVERAGE flu 3.7 0, SIGHA Pa 1.6 M, CIP 3.9 H

------------------------------------------------------------------

SfCTICW 9 03/21/78 15.32.!e PAGE 19
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"I

7.2.3 Re.;ults Swilury

The track re!sidtr.ds, SliCHI'4 7, shows the' standard deviations in range to be 1.4 m,

zith .034 mr, and elevation .062 mr for tile first monite carlo run. Thiis is to ho expcctted

by) referring to the rodaz' model in Sh'Ct'l(I I output. The track residual standard deviations

from examrple iShow larger errors. 4 to I in azimuth and 2 tu I !in clevation. 'Ilds could be

thle result of (1) not adding enough radar noise inl emple 2 or (2' tile inaduquicy of the

dynamic model. Also, niote that thte track residuals have only characteristic random nioise withl

no systematic errors prese~nt.

l1he drag estiate based on 10 rtuns is .23% ats comm~ared to . 82% for examvle 1. Thlis

indicates that thle laur 'h~ point position eStimlations In exam11ple 2 shoul1d ha1Ve approxiimtly a1

30% decrease in the semi-majnor Lmjs ellipsoid length. Onie would therefore expect 30% of 9.9) ul

$ grouping.

Thie mean launch location errors are relatively unbiased, .4 mn Iliast and - .9 mn North based

oin 10 rtuns. The CE? for this exmple is 3.9 jieters.

7.3 Sinulation With External Trajectory,

7.3.1 Problem Illustration

g j In the design of IMU1~ER it was imper'ative th~at compairisons could be miade of thle

internal dynamics and other dynamic mtodels, e. g, , 3 degrees of freedom modi NOe point 11uss

simulation or a 6 legrete of freedoml rigid body silationl. This ruln umode of LOXIR as

presented in section 6.4 would help differentiate between) radar model errors anid dynamiic model

errors asstluaing that thle higher level dynamics are in fact at closer representation of real

datal.

Thle alternatte simulation used in this exaleI is thle Modlified Point Malss Trajectory

Simulation (wilm[S) 9 developed by the USA &allistics Research Utboratory, This program is

chiefly used for generation of the M1~Y Firing tables which contain final trajector-Y range dalta

for at matrix of charges and firing quadrant elevations for domestic weapons.

The WflMI'S is executed using thle weapon launch parameters from Ti 7- nlmtooloqicalI

conditions from Table 7-1. The output from MlNql'S, timet, positions, anid velocities is thien

placed in thle LOCAITR input card dock (see SiHClIW 1) according to rules specified in sectionl

11 6.4.I
Tll Monte Carlo rkuns Oil this trajectory will be simulated; thle Ii [ferenlce between each is

the random radar nois;e.



IN/YPS-16 155 11h DATA AALYSIS--11TIRNAL TttAaXCTCB% INPUT

----INPUT DATA CAFDS ----

AN/FPS-16 155 MM DATA ANALYSIS--IXTEP.NAL TRA3ECTCRY INPUT
MISSION 01

THE FUSPOSE OF TIS RUN IU TO COMPAPE THE IFFECIS CY USING
DIfFIR31NT DYNAMICS FOR MIASUREMEINT GINEDATION ?iNE rRAJICTCEY
ESTIMATION. THE SOURC3 01 THE EXTIENAL TRAJECTORY IS FROM TIRS
BALLISTICS RESEARCH LABORATORY'S MODIFIED POINT MSS TRAJECTORY
SIMUL.ATION. THE INPUT DATA TIME , POSITIONS X,Y,2, VELOCITIES
XDOT ,YDOT,ZDOT FOLLOW THE LOCATES INPUT DATA DICK CN CARDS.

SRJCTR MD 2 WT AAO AD UN 10 MONTE CAFLO RUNS, SIMULATION ON AN EXTESNALLY INPUT

METRO 01 METEOROLOGICAL CONOITICNS rCR ROUNDS 5124 TO 5169
THE FOLLOWING TABLE IS A LAYWRID METEOROLOGICAL MESSAGE.
2. TERPERATnRE (KILVIN) , 3. DENSITY IKG/14**3) , 4. HEIGHT
(METERS) OF WINDS, 5. BAST WIND CCMFCNENT (M/S) , 6. NORTH

WIND CCAPOy1vEI,.
SUSE TYPE :j MPTPO PACKET (I.AYIRID), THE~ FORMAT IS t

(6riO.0)
0.0 300.73 1.16797 0.0 -3.7495 1.1118 I

304.8 299.83 1.13433 304.0 -2.5638 -1.3424 2
609.6 297.39 1.10590 609.f -1.3125 -2.ti714 3
914.4 293.96 1.08120 914.4 -0.1S36 -3.C598 4

1219.2 2S2.43 1.04967 1219.2 0.1701 m2.9015 5
1524.0 290.49 1.02037 1524.0 -0.0444 -2.5546 6
1628.8 288.63 0.99163 1828.e -0.3735 -2.4936 7
2133.6 286.99 0.96250 2133.6 -0.8256 -2-.9002 8
2438.4 285.23 0.93493 2438.4 -1.0068 -3.4127 9
2743.2 283.73 0.90670 2743.2 -1.0664 -3.5904 10
3048.0 282.16 0.87890 3048.0 -1.2161 -3.!510 11
3352.8 280.59 0.85177 3352.0 -1.5483 -3.2232 12
3657.6 279.19 0.82483 .1657.6 -2.0625 -3.1227 13
3962.4 277.43 0.79957 3962.4 -2.2255 -3.0280 14
4267.2 276.06 0.78370 4267.2 -2.2891 -3.4152 15
6096.. 276.06 0.78370 6096.0 -2.2891 -3.4152 16

TRACK 01
$US? WEAPON 1 TRACKED BY RADAR 1 $

WEAPON 0-1 155 MA HOWITZER
STAG TIME OF 0 SECONDS
POSITIONS ARE 254.62 METERS EAST, -;66.833 METERS NCRTH,
AT ALTITUDE OF 3.03 MATERS.
INITIAL VEICCITY IS 564 HIS
AZIMUTH OF FIRE IS 2311 NILS
CUADPINT 2IEVATICN IS 700 NILS
SHELL DIAMETER -.155 METERS, MASS 43. 18182 KG
DRAG FACTOR 1S 1.0, DRAG CURVI NUMEER IS 1
USE METRO CONDITIONS SPECIFIED IN PACKET 1.
FI05 CtTION 0 (CChSTANT) VALUE OF -10 DBSMA

-e---------------------------------- -------------------- -----------------
SECTION 1 03/22/78 17.04.!2 PACE I
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AN/FPS-16 155 MH DATA ANALYSIS--EXTERNAL TRAJECTCPBYINPUT

SPIN CCNSTANT IS .25 M/SS
DRAG UNCERTAIN!Y .05, SPIN UNCERTAINTY 0 S

RADAR 01 AN/HFS-16
:HE AN/FPS-lb IS AN INSTRUMENTATICN TYPE RADAR ICCATED
AT WAllOFS ISLANt. VA.
$LOCATION IS 0 MEISRS EAST, 0 VEIEFS NORTH AT AITITUEE
1U.06 METERS. ICNGITUDE 4.965721776 LATITUDE .6f01152?82
MEASUREMENI SPACE IS RANGE 1, AZIMUtH 1, ELEVATICN 1,

BUT NC DCPPLER 0 OR SIGNAL NOISE RATIO 0.
RADAP BIASES 0 MEIERS RANGE, 0 RADIANS AZIMUTH, 0 SAEIANS

ELEVATION, 0 METERS DOPPLER
THERMAL ERROR SIGMAS ARE 50 METEES FANGE, .00078 RArIANS AZIMUTH,

.00078 RACIANS ELEVATION AND 0.0 H/S DOPPLER
JITTER ERROR SIGMAS ARE 1.344 METERS SANGE, .000037 RADIANS AZIMUTH,

.000061 RADIANS ELEVATION AND 0.0 M/S DOPPLER
REFERENCE RANGE( RANGE AT ,HICH A ZERC DESM TARGET FETURNS A SNR Of

2ERO DE) IS 556000 METERS.
SIGNAL NOISE RATIO THRESHOLD IS 13 CE
FREQUENCY IS 5600000000 11Z, ELEVATION BEAMWIDTH IS .0108 RADIANS.
NO REMOVAELE BIASES 0 M RANGE, 0 FAD AZ,ORAD IL,0 H/S DCPPLEE
NC REPCVAELE MUITIPATH A=O, B=O, C=O

OUTPUT 03
SPRINT CONVERGENCE REPORT 1 ONLY FCF THE FIRST rUN 1 S

OUTPUT 07
SPRINT TRACK RESIDUALS 1, WRITE THEM TO TAPE 1, FCR
ALI FUNS 0 $

OUTPUT 09
$EXTRAPCLATE THE FITTED STATE VECTORS TO THE GROUND
OPTION -2 AT LAUNCH 0 METERS. IRCLUCE MISS DISTANCE ELOTS 1$

ESTIMATCB 01
$USE MAXIMUM LIKELY ESTIMATOR 1, USE FADAR 0 FCB WEIGHT
CCMRUTATICN. STATE VECTOR INITIALIZATION IS -3 (USE
MEASUREMENTS. MAXIMUM NUMBER CP IIERATIONS IS 10,
CCNVERGENCE CPTICN 1 (POSITIONAL) VALUE IS .5 METERS.
NO A PRICRI VALUES 0
ESTIMATE POSITIONS I EAST 1 NCFTH 1 HEIGHT

VELOCITIES I EAST 1 NORTE I EEIGHT
DRAG, SPIN 1 1
NO WIND C 0
EIASES 0 0 0 0
MULTIPATH 0 0 0

$
ORIGIN 01

SLOCATION CF EXTERNAL TRAJECTCRY ORIGIN IS 254.62 h EAST,
-266.C33 M NORTH AT ALTITUDE CF 3.83 METERS $

END
(F1O.5,3F10.2, 3F10.3)

HCDIFIED PCINT MASS SIMULATION
20.00000 4888.95 -4187.41 3598.72 205.476 -180.625 56.065
21.00000 5093.63 -4367.57 3649.7! 203.893 -179.693 46.019

22.00000 5296.74 -4546.80 3690.78 202.340 -178.789 36.044

SECTION 1 03/22/78 17.04.52 PAGE 2
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AN/FPS-16 155 HM DATA ANALYSIS--EITERNAL TRAJECTCFY INPUT

23.00000 5093.31 -4725.15 3721.86 200.814 -177.908 26.138
24.00000 5698.37 -4902.62 3743.0E 199.312 -171.08 16.297
25.00000 5896.94 -5079.25 3754.46 197.832 -176.205 6.520
26.00000 6094.04 -5255.04 3756.11 196.371 -175.377 -3.196
27.00000 6289.69 -5430.00 3748.08 194.927 -174.560 -12.852
28.00000 6483.90 -5604.16 3730.42 193.498 -173.752 -22.450
29.00000 6676.69 -5777.51 3703.19 192.082 -172.950 -31.989
30.00000 5868.07 -5950.06 3666.45 190.677 -172.149 -41.471
31.00000 7058.04 -6121.81 3620.26 189.280 -171.350 -50.896
32.00000 724C.63 -6292.75 3564.67 187.891 -170.547 -60.262
33.C0000 7433.83 -6462.90 3499.75 186.506 -169.739 -69.569
34.00000 7i19.64 -6632.23 3425.54 185.125 -16E.923 -78.816
35.00000 7804.08 -6800.74 3342.13 183.746 -168.095 -88.001
36.00000 7987.14 -6968.42 3249.5! 182.366 -167.256 -97.123
37.00000 8168 81 -7135.25 3147.89 180.984 -166.401 -106.179
38.00000 8349.10 -7301.22 3037.20 179.596 -165.530 -115.167
39.00000 8!28.00 -7466.30 2917.57 178.203 -164.638 -124.082
UO.00000 8705.51 -7630.49 2789.0! 176.799 -163.724 -132.922
L1.00000 8881.60 -7793.75 2651.73 175.383 -162.785 -141.683
42.00000 9056-.27 -7956.05 2505.70 173.953 -161.818 -150.359
U3.00000 9229.51 -8117.38 2351.03 172.507 -160.022 -158.946
44.00000 9401.28 -8277.69 2187.82 171.043 -159.793 -167.440
45.00000 9571.!9 -8436.96 2016.16 169.558 -158.729 -175.834
46.00000 9740.40 -8595.15 1836.1E 168.051 -157.e27 -184.121
47.00000 9907.69 -8752.21 1647.92 166.518 -156.486 -192.294
U8.00000 10073.43 -8908.11 1451.5E 164.958 -155.306 -200.346
49.00000 10237.60 -9062.82 1247.24 163.366 -154.085 -208.267
50.00000 10400.17 -9216.28 1035.05 161.734 -152.814 -216.041
51.00000 10561.07 -9368.45 815.16 160.047 -151.483 -223.646
E2.00000 10720.26 -9519.24 587.76 158.286 -150'075 -231.054
53.00000 10871.66 -9668.61 353.03 156.397 -148.541 -238.180
54.00000 11033.11 -9816.38 111.30 154.285 -146.782 -244.861

-------------------------------------------------------------------------------------
SECTICN 1 03/22/78 17.04.!2 PAGE 3
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AN/FPS-16 155 MM DATA ANAL-SIS-IITERNAL TRAJECTCRY INPUT
-- - - -- - - -- - - - - - - - --- - I - - - - - - - - - -- - - - - - - - -

4.SECTION 3 - Il'IATICNS

MONTE CARLO RUN NUi!B 1
x Z VI VI Uy Y Kr KS WE WN

DX DY DZ DVX DVY DVZ DKD DKS DWE DWN
ED AP EB DB A B C

DEB DAB DEB DDE rk OR DC Q'!OTAL

---ITERATIION 1
5144.6 -4415!.4 3588.6 205.3 -180.1 55.2 .5000001-03 0.00 0.0 0.0

-3.6 3.7 -4.6 .6 -1.0 1.7 e826!14E-04 .29 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0. 0.
0.0 0.0 0.0 0.0 010 0. 0. 25E19.0385

---ITTRA71ON 2
5141.0 -4451.7 3584.0 205.9 -181.1 56.9 .!e26!lE-03 .29 0.0 0.0

.0 -.0 -.0 .0 -.0 .0 .3668361-06 .00 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0. 0.
0.0 0.0 0.0 0.0 0.0 0. U. 9.4526

---ITEVATION 3
5141.0 -44151.7 3584.0 205.9 -181.1 57.0 ..563016E-03 .29 0.0 0.0

-.3 .4 -.7 -.0 -.0 .0 -.498452E-06 -.00 0.0 0.0
0.0 0.0 040 0.0 0.0 0. 0.
0.0 0.0 0,0 0.0 0.0 0. 0. 7.9271

---ITEBATION 4
5140.E -4451.3 3583.3 205.9 -181.1 57.0 .582520E-03 .29 0.0 0.0

.3 -.0 -.0 -.0 .0 .0 -.173eE1E-08 .00 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0. 0.
0.0 0.0 0.0 0.0 0.0 0. 0. 7.7363

------------------------------------------------ ------------- ----------------- -----------------------------------------

SEC71ON 3 03/22/78 17.0'6.55 FAGE
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AN/FPS-16 155 'IN DATA ANALYSIS-11TERNAL TRAJICTC!Y INPUT

M ASUREMENIS, %EIGIUTS FOR RUN 1

NPT TIME RANGE AZIMUTH E1E' N DCIUER SNP C(NPT)
WEIGHT WEIGHT WEIGHT WEIGHT RADAR DROP

1 20.000 7694.9 2.284500 .48!241 268.13 64.36 4!.85984
.553E+00 .730E+09 .2691+090. 1 4

2 21.000 7957.3 2.284838 .474894 262.72 63.77 21.02248
.553B+00 .730E+09 .269E+090. 1 0

3 22.000 8217.1 2.285115 .464232 257.55 63.21 7.52758
.!53E+00 .730E+09 .2691+090. 0

4 23.000 847S.3 2.285487 .453379 252.61 62.e8 20.87236
.553E+00 .730E+09 .269E+090. 1 0

S 24.000 8724.8 2.285849 .441993 247.91 62.1E 10.60135
.553E+00 .7301+09 .269E+090. 0

6 25.000 8969.1 2.286319 .1.10627 243.44 61.6S !.6194.
.553E+00 .130E+09 .2691+490. 1 0

7 26.000 9209.6 2.286680 .4181'29 239.20 61.23 .56594
.553E+00 .7301+09 .2691+090. 0

8 27.000 9446.7 2.287016 .406780 235.20 60.75 3.73846
.5531+00 .730E+09 .269F+090. 1 0

9 28.000 9682.9 2.287460 .3914361 231.44 60.37 !.92209
.5531+00 .730E+09 .26'+)+090. 1 0f

10 29.000 9908.6 2.287896 .381903 227.90 59.96 6.02832
.553E+00 .730z+09 .2692+090. ,i 0

11 30.000 10134.7 2.288319 .368901 224.61 59.57 14.24256
.5531+00 .730E+09 .269E+090. I 0

12 31.000 10359.3 2.288932 .355827 ;21.54 59.19 11.11207
.553E+00 .730E+09 .269E4090. 1 0

13 32.000 10580.7 2.289316 .342637 218.71 58.82 .50175
553B+00 .7301+09 .269E+090. i 0

1U 33.000 10797.5 2.289729 .328950 216.12 58.47 12.48201
.5531+00 .130E+09 .259E+090. 1 0

15 34.000 11011.0 2.290236 .315241 213.76 5e.13 11.01015
.552E+00 .730E+09 .26924090. 1 0

16 35.000 11225.3 2.290715 .301305 211.64 '57.80 4.64774
.552E+00 .130E+09 .269E+090. 1 0

17 36.000 11435.2 2.291225 .287212 209.75 57.47 4.2S760
.552E+00 .730E+09 .2692+090. .1 0

18 37.000 11645.1 2.291699 .272776 208.09 57.1f 2.99148
.552E+00 .7301+09 .26954090. 1 0

19 38.000 11852.8 2.292177 .258240 206.66 56.8! 1.54102
.552E+00 .7303+09 .2691+090. 1 0

20 39.000 12058.8 2.292696 .243390 205.47 56.55 5.22982
.552E+00 .7301+09 .2691+090. I 0

21 40.000 12259.7 2.293244 .22857! 204.50 56.26 20.68347
.552E+00 .130E+09 .269E+090. I 0

22 41.000 12467.9 2.293712 .213401 203.76 5597 3.99218
.552E+00 .130E+09 .269E+090. 1 0

23 42.000 12671.0 2.294197 .198086 203.24 55,59 6.14131
.552E+00 .730E+09 .269E+090. 1 0

SECIION 4 03/22/78 17.05.08 EAGE 5
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AN/FPS-16 155 MM DATA ANAIYSIS--EYIERNAL TRAJECTCFY INPUT

MEASUREMENNS , iEIGHTS FOE RUN 1

NPT TIME RANGE AZIMUTH EIEVTN CCFPIBE SNE C(NET)
WEIGHT WEIGHT WEIGHT WE]GHT RADAR DROP

24 43.000 12870.6 2.294695 .18282! 202.93 55.42 13.5S088
.551E00 .730E+09 .2692 090. 1 0

25 44.000 13077.1 2.295155 .167197 202.83 55.14 .95010
.551E+00 .729E+09 .269E+0S0. I 0

26 45.000 13280.3 2.295654 .151587 202.95 54.88 .67087
.551E+00 .729E+09 .269E 090. 1 0

27 46.000 13481.3 2.296131 .135740 203.26 54.61 1.51017
.554E+00 .729B+09 .269E+090. 1 0

28 47.000 13685.9 2.296635 .119878 203.76 54.35 .76463
.551E+00 .729E 09 .269E+090. 1 0

29 48.000 13888.0 2.297048 .104030 204.46 54.10 10.86971
.551F+00 .729E+09 .269E4090. 1 0

30 49.000 14093.0 2.297565 .087813 205.33 53.84 .81113
.550E+00 .729E+09 .269140S0. 1 0

31 50.000 14301.6 2.298085 .07179' 206.36 53.59 14.74778
.550E+00 .729E+09 .26914090. 1 0

32 51.000 14509.7 2.298516 .055498 207.52 53.34 16.28329
.550E+00 .729E 09 .26914090. 1 0

33 52.000 14714.8 2.299008 .039207 208.78 53.09 5.19575
.550E+00 .129E409 .269E4050. 1 0

34 53.000 14922.5 2.299408 .022871 210.06 52.85 4.80974
.550E+00 .129E409 .269E 090. ,! 0

35 54.000 15133.7 2.299877 .006684 211.21 52.60 12.05928
.549E+00 .129E+09 .269E4050. I 0

-- ------ ------- ------ ------- ------ ------- -----

SECTION 4 03/22/78 17.05.08 TAGE 6 i
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I AN/FPS-16 1z-5 e1Zi DATA ANA7.Y5IS--F)!EBNA! TPAZICTCEY INPOT

SECTION 5 - STATE COVARIANCE MAT RIX ANE COrRELATItCH CCEFFICIXNSS MC PON1

2 -.12406E+00 .13667E400

5 lC87S6-01 .1364-0C.863E0O.129E0OOO15E0

6 -.7693E-0 .5936-0 -. 170: -. 21.021,0^000E 3 .233E0
7 56 2 -.239E0 247E 06 .6100 .5146E607 -. 43006'443-0

6 -. 1555 .1033 -.156E0 9853747 .332E64 .2224905 -21%0600
7.9667E-19 .141E245 21P.2 .471 .04T .37

1 .042X 1.0000000

SECUON 5 03227 V7E.OCITYE

2 -. 0773 166ooo



AN/I:£S-16 155 MlI DATA ANALrysS--EYTENENAl TPA,.E)C'CFY ITNPUT

S2CIONi & - LAUN'Ci' CONDTTIGNS AND WEIGHITED F~ESIDUAL :iIATIS71CS
RUN VO Qs AZF T FIRE QR CA QE QEDCT C TOT FIT NITER

II/S DEG LEG SEC

1 1 571.7 39.22 130.1 .20 4. 100 1.305 2.331 0.0CC 7.736 0 4
2 570.1 39.28 13C.1 .18 3.850 1.272 2.189 0.000 7.311 0 3
3 571.5 39.23 130.1 .20 14.748 1.299 2.788 0.000 8.835 0 3
4 5 1.0 39.74 130.1 .19 4.E314 1.348 2.206 0.000 8.088 0 3
5 571.3 39.21 130.1 .,!0 5.226 2.169 2.542 0.000 9.937 0 3
6 571.5 39.23 '130.1 .20 .988 2.073 2.538 0.000 9.599 0 3 3
7 571.5 31.23 130.0 .20 5.340 1.789 3.050 0.000 10.187 0 3
0 571.8 39.22 130.1 .21 3.502 2.!29 2.156 0.000 8.187 0 4
9 571.5 39.23 130.1 .20 4.620 1.383 2.606 0.000 8.609 0 3

10 571.1 39.25 130.1 .19 4.183 1.1441 2.!50 0.000 8.175 0 3

AVE 571.3 39.24 130.1 .20 4.510 1.1 1 2.496 0.000 8.666 3.2
SIG .5 ;02 .0 .01 .569 .1428 .271 0.000 .S13 .14

THE ABOVE STATISTICS IS BASED ON 10 CUT CP 10 RUNS

ft

SrCTION 6 03/22/78 17.0.54 PAGE 8
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i

AN/FPS-16 155 MM DATA ANALYSIS--EXTERNAL TRAJECTCP! INPUT

SECTION 7 - TRACK RESIDUALS FOR RUN NUMEER I]

NPT TIME RM DR AM rA EM DE RRH DBR IDRP

1 20.000 7695. 0.0 2.2845 0.000 .4852 0.000 268.1 0.0 4I
2 21.000 7957. 4.6 2.2848 .062 .4749 .157 262.7 0.0 0
3 22.000 8217. 3.3 2.2851 -.006 .4642 .073 257,6 0.0 0
4 23.000 8475. 5.6 2.2855 .002 .4534 .115 252.6 0.0 0
5 24.000 8725. 4.0 2.2858 -.016 .4420 -.072 247.9 0.0 0
6 25.000 8969. 2.0 2.2863 .060 .4306 .055 243.4 0.0 0
7 26.000 9210. .5 2.2867 -. 0,14 .4188 .033 23S.2 0.0 0
8 27.000 9447. -.2 2.2870 -.068 .4068 .034 235.2 0.0 0 ] j
9 28.000 9683. 2.1 2.2875 -.0!4 .3944 -.069 231.4 0.0 0
10 29.000 9909. -2.4 2.2879 -.056 .3R19 .346 227.9 0.0 0 #1
11 30.000 10135. -3.0 2.2883 -.081 .3689 -. 131 224.6 0.0 0

12 31.000 10359. -1.8 2.2889 .077 .3558 -.138 221.5 0.0 0
13 32.000 10581. -.8 2.2893 -.001 .3426 -.024 218.7 0.0 0
14 33.000 10797. -1.7 2.2897 -.057 .3289 -.178 216.1 0.0 0
15 34.000 11011. -3.3 2.2902 -.022 .3152 -. 130 213.8 0.0 0
16 35.000 11225. -1.9 2.2907 -.020 .3013 ".095 211.6 0.0 0
17 36.000 11435. -2.8 2.2912 .007 .2372 -.007 209.7 0.0 0
18 37.000 11645. -1.9 2.2917 -.003 .2728 -.063 208.1 0;0 0
19 38.000 11853. -1.5 2.2922 -.012 .2582 -.024 206.7 0.0 0

20 39.OOC 12059. -1.6 2.2927 .017 .2434 -.116 205.5 0.0 0
21 40.000 12260. -5.5 2.2932 .074 .2286 .005 204.5 0.0 0
22 41.OCO 12468. -1.3 2.2937 .051 .2134 -.065 203v8 0.0 'J
23 42.000 12671. -1.4 2.2942 .044 .1981 -. 118 203.2 0.0 0
24 43.000 .12871. -4.6 2.2947 .049 .1828 .034 202.9 0.0 0
25 44.000 13077. -.7 2.2952 .017 .1672 -. 043 202.C 0.0 0
26 45.000 13280. .1 2.2957 .025 .1516 .028 202.9 0.0 0

27 46.000 13481. -1.5 2.2961 .012 .1357 -. 021 203.3 0.0 0
28 47.000 13686. .0 2.2966 .029 .1199 .023 203.0 0.0 0
29 48.000 13888. -1.4 2.2970 -.043 .104o .178 204.5 0.0 0
30 49.000 14093. -.5 2.2976 -.008 .0878 .047 205.3 0.0 0
31 50.000 14302. 3.0 2.2981 .033 .0718 .185 206.4 0.0 0
32 51.000 14510. 4.9 2.2985 -.012 .0555 .105 207.5 00 0
33 52.000 14715. 2.6 2.2990 .007 .0392 .072 208.8 0.0 0
34 53.0CO 14923. 1.8 2.2994 -.063 .0229 .020 210.1 0.0 0

35 54.000 15134. 3.2 2.2999 -.059 .0067 .122 211.2 0.0 0

TRACK RESIDUAL SSAISTICS RUN 1

PANGE(M) AZIMUTH(MR) ELEVTION(MR) ECIER (M/S)

AVBGE -. 056 .000 .001 0.000
SIGMA 2.725 .042 .093 0.000

----------------------------------------------------------------------- ----
SECIION 7 03/22/78 17.05.09 FAGE 9
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5.0.

10 9 4

w 0.0 - -. .

-5.0

AV GN~'A -. 056 2.725

--------------- ------------------------------------------------- ------------------------

00 0

0.0.

2 0

.2 0* 0

w 0

-0. 2 -k *

20.0 25.0 30.0 . 35.0 '10.0 '15.0 50.0
AVE,SIGIA .001 .093 TIME (SE~C)

+ MC I DEMONSTRAl iON RUN 3

169



AN/FPS-16 155 4115 DATA ANALYSIS--EXTERNAL TIRAJEC'ICRY IN5PUT

SECTICN e - FS1lEATION STATISTICS (EST-TRUE)
HC KD KS WE WN RE AE EB DB At! B N CHi

1 .5825201-03 .29 0..4 0.0 0.0 0.0 0.0 0.0 C.0 0. 0.
.5000C01-03 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0..8251982-04 .29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

2 .5795691-03 .29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.5000C01-03 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.7956923-04 -.29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.3I521E0 2 000000000. ...0
.582710E-03 0.29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.8271092-04 .29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

54 .580899E-03 .29 0.0 0.0 0.0 0.0 0.0 0.0 0.C C. 0.
.SOOOCOE-b3 0.OC 0.0 0.0 0.0 0.0 0.0 0.0 0..0 0. 0.
.808990B-04 .29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

5 .58175432-03 .29 0.0 0.0 0.0 0.0 0.0 0.0 C.0 0. 0.
.SOOOCON-03 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.81754331-04 629 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

6 .5818731-03 .29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.5000C01-03 0.00 0.0 0.0 0.0 0.0 0.0 0.0' 0.0 0. 0.
.8187349-04 .29 0.0. 0.0 0.0 04.0 0.0 0.0 0.0 0. 0.

7 .58195481-03 .29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.5000C01-03 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.819548,11-04 .29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

8 .582722RV03 .29 0.0 0.0 0.0 0..0 0.0 0.0 0.0 0. 0.
.5600COR-03 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

.8272161-04 29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

9 .58,19882-03 .29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.5000C01-03 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.8198821-04 .29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

10 .581540541-03 .29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.
.-. 5000C01-03 0,.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0

.81540361-04 .29 0-0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

ISMIATION STATISTICS BASED ONl 10 CUT OF 10 PUNS

lCD KS WE MN BE AE 1B DB An BMI Cm
.8173771-04 .29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. a.
.903876-06 .00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

SECTXCI 8 03/22/78 1-1.0(.!! PAGE 19
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AN/FPS-16 15S MRH DATA ANALYSIS- -ITEN&L TAJECTCF1 INPUT

SICTICK 9 INTER.CEPT R0UIlINE

I4TBEFCEPT 1 CPTICN -2 (SPECIFIEL A!.TI7IUE )-YALUE= 3.83000
STA71STICE BASED ON~ 10 CU! OF 10 PUNS

KC x (11) Y im) 2(m) R' (11) GCCD FIT= 0

1 10.0 -2.9 _,o 10.14 C
2 15.9 -5.5 - .0 16.8 0
3 10-.7 -1.7 -.0 10.9 0
4 12.2~ -1.7 -0 12.6 0
5 10.5 -2.7 -.0 10.8 0
6 9.7 -1.1 -.0 9.7 0
7 8.8 -2.8 -.0 9.2 0
e 12.1 -2.3 -. 0 12.5 0
9 - 9.6 -1.9 -.0 9.8 0
10 11.9 -3.0 -.0 12.3 0

AVE ~ 1.2 -2.6 -.0
SIG 2.1 .8 0.0
AV! TiAGE t 11.5 ts, SIGNA F= 2.1 H, CE 10.8 H

SECTIC4 9 03/22/78 17.0f.!c PAGE 20
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EAST COMPONENT OF LOCATION ERROR

DEMONSTRATION RUN 3
AN/FPS-16 155 MM DATA ANALYSIS--EXTERNAL TRAJECTORY INPUT

COY CEP OF PROB .5= 1.6 M1 CEP= 10.8 M14
XBAR EAST= 11.2 M1 YBAR NORTH=~ -2.6 M1
ELLIPSE AXIS MAJOR: 2.! 1 M MINOR= .8 P1 THETAz 115.3 BEG

4
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7.3.3 Results Stwtuary

The results of simulation on an externally generated trajectory closely parallel the

results of real data analysis. This was expected as the 3 degree of freedom simulation, Mf1s,

represents a closer dynamic model to reality thm LOCAtR'S dynamics. One would Imnediately

question why isn't the dynanic model of 4PMIS used in LOCATER. The answer lies in the fact

F that ,t4l'S relies on several coefficient curves which are dependent on Nhch number and sholl

type, his a priori Information is quito unavailable to LOCATER in its tactical environment as

it normally doesn't know what projectile is being observed. LOCNA'TR does not address the

problen of directly determining the shell diamoter but does estimate the inverse ballistic

coefficiont. 'his could be used in conjunction with range and velocity information to classify

tthe projectile type.
1ho range r sidual plots (SECa.rIN 7) for the first run demonstrate the same type model

differences as was evident in example 1. This is reflected by probable drag curve uncertainty

errors as the range masurntent direction is almost coplanar with the dom-range (drag)

direction.

11w drag estimuto based on the 10 monte Chrlo ruis is .14t. This results in the tight

grouping of launch point locations as shown in tho plot in SECHION 9.

The average lo~ation error components, 11.2 m East and -2.6 am North exhibit the same bias

as evident in example 1. This again is due to dynamic model errors, specifically the drag

curve. The CEP of the systm is 10.8 m.

Some conclusions my be reached from the following table about the qtuintitative errors

involved of dymic meling.

Dynamic model Noise model Rxample I CEP()

WLCAITR L(X 'IR 2 3.9
MtMlS LOCATER 3 10.8
REAL R'AL 1 23.2

Frlin the 3 examples, 6.9 m may be attributed to dynamic model error between I=CI'ER and

WWtlS and 12.4 m to a combination of dyiuamic model errors, radar noise errors mid survey

errors between MMUs md the real world. 4

"hese results, however, only pertain to this radar-weapon system and quanitative

conclusions imy not be applicable to other systems.J
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7.4 ulltiple Rdlar Simulation

7.4.1 Problem Ilitustration

ftmxaple 4 coirtdeks the problem of a netted t)p radar tracking it low quadrMt

elevation 105 mn howitzer, IEad radar in the net is a hemlspherlc coverage radar (lR) and has

a baseline of approxhitely 5 im. Vie problem is to calcitlate the fadars porronunco in

determining the latlich point 10cation with the system goomtry anid paremeters specified in

F'igklme 7-2.

7

i ' A
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NORTH IMPACT 1 18-4-200501

IHCR NORTH

E II

0.5km LAUNCH J.
HC OUTH 0.5 km

10m------------- EASTj

WEAPONI
TYPE 105-mm HOWITZER
CHARGE 6
INITIAL VELCCITY 393 rn/soc
QUIADRANT ELEVATION 300 milt
AZIMUTH OF FIRE 3300 CLOCKWISE FROM NORTH s,
FLIGHT TIME 20 sac
LAUNCH ALT1ITUDE 30 m
LOCATION (UTM) 10,000 m EAST, 500mr NORTH

__ A
RADAR

NAME HCR NET
MEASUREMENTS RANGE, AZIMUTH, ELEVATION, DOPPLER
PRI 2 sec4
HCR SOUTH

LOCATION (UTM) 0Om EAST, 0 m NORTH
ALTITUDE 40 M

HCR NORTH
LOCATION (UTM) -500mr EAST, 5000mr NORTH
ALTITUDE 40mn

ATMOSPHERE

WIND SPEED 5 rn/sec
WIND DIRECTION 450* (from the NE)
DENSITY 1. 15kg/n 3

TEMPERATURE -6.66 0C

Fig. 7-2. System paramneters of nultiple I1CR simulation. Locations
of radars and weapon.
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7.4. 2 Szmle Outut

MULTIPLE HEMISPHERIC CCVERAGE RADAB

----INPUT DATA CARDS ----

MULTIPLE HEMISPHERIC CCVERAGE RADAF
MISSION 01

USING 2 HEMISPHERIC COVERAGE RADARS WITH A BASELINE
O? 5 K, TRACK A LOW QE 105 MM MCT TF SHOT.
ERUN 20 MONTE CARLO RUNS. COMPLETE SIMULATION MODE I $

WEAPON 01 LOW QB 105 HM MORTAR
STAG TIME CP 0 SECONDS, POSITIONS ARE 10000 METERS EAST,
500 METERS NORTH AT ATTITUDE C? 30 EfIERS.
INITIAL VELOCITY (CHARGE THREE) IS 393 M/S.
AZIMUTH OF FIRE IS 5867 MILS CLOCKWISE FROM NORTH.
CUADFANT ElEVATICI 300 NILS.
SHELL DIAHETER .105 METERS, MASS 15 KG.
DRAG FACTOR 1.0, USE DRAG CURVE I
USE METRO PACKET NUMBER 4
RCS CETION C, (CCNSTANT VALUE) WHICH 15 -12 DBSM.
SPIN CONSTANT IS .15 M/SS
DRAG UNCERTAIbTY IS .05 (FIVE PERCENT). SPIN
UNCERTAINTY IS 0 $

RADAR 01 HCR SOUTH
THE SENSOR IS A COMPOSITE OF 2 HCE RADARS, WITH
THE SOUTHEBNNCST FADAR TO BE CONSIDERED THE BASE.
NON-SIMULTANEOUS MEASUREMENTS ART TAKEN.
SLCCATION 0 METERS EAST, 0 MEIPRS NORTH, AT ALTITUDE
OF 40 METERS. LONGITUDE IS .17453293 PADIANS,
LATITUDE IS .87266463 RADIANS.
RADAR MEASUREMENT SPACE IS RANGE (1), AZIMUT'I (1)

ELEVATICN(1) AND EOPPLERP().
SUR WAS :lOT TAKEN 0.

BIAS ERRORS FOR MEASUREMENT GENERATICN ARE
1.0 METERS RANGE, .0009 BAD AZ, .00058 RAD El,
AND .2 M/S DOPPLER

THTRMAL ERROR SIGMAS 50 H RANGE,.0925 RAD AZ,
.0925 RAD EL, AND 9.7 MIS DCPEElR

JITTER ERRCR SIGMAS 5 H RANGE, .001 RAD AZ,
.001 R&D EL, AND S MIS DOPPLEF

REFERENCE RANGE IS 159000 METERS.
MEASIREMENT THRESHOLD IS 13 DR. PFEQUENCY 3300000000 HZ
ELEVATION PEANWIETH IS .0873 RADIANS.
NO REMOVABL2 BIASES 0 M RANGE, 0 BAD AZ, 0 RAD El,

0 M/S DCPPLES.
NO REMOVABLE MULTIPATH PARAMEERS A IS 0, B IS 0
C IS 0 $

RADAR 02 HCR NORTH
$LOCATION -500 METERS EAST, EO00 METERS NORTH, AT ALTITUDE
0 40 METERS. LONGITUDE IS COMPUTED INTERNALLY 0.0
LATITUDE IS COMPUTED INTERNALLY 0.0
RADAR MEASUREMENT SPACE IS RANGE 11), AZIMUTH (I)

ELEVATICI(1) AND COPPLER(1).
ENR WAS NOT TAKEN 0.

SECTION 1 03/21/78 1!.34.!3 PAGE 1
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MULTIPLE HEMISPHERIC CCVERAGE RADAR

BIAS ERRORS FCR NEASUREMENT GENERATION ARE

1.0 METERS RANGE, .0009 RAD A2, .00058 RAD El,
AND .2 N/S rcPPLER

THERMAL ERROR SIGMAS 50 M RANGE,.0925 RAD AZ,
.0925 BAD El, AND 9.7 M/S DOPPLER

JITTER ERROR SIGMAS 5 M RANGE, .001 BAD AZ,
.001 HAD EL, AND .5 M/S rOPPLEF

REFERENCE RANGE IS 159000 METERS.
MEASUREMENT THRESHOLD IS 13 DR. FREQUENCY 3200C00000 HZ
ELEVATION BEANNIDTH IS .0873 RADIANS.
NO REMOVARIE BIASES 0 M RANGE, 0 RAE AZ, 0 RAD EL,

0 N/S DOPPLER.
NC RENCVABLE MUITIPATH PARAMETERS A IS 0, D IS 0

TACK 01 BUITIPlE RADAR COVERAGE LIMITS
SUSE WEAPON PACKET 1
RADAR NUMBER 1, 1 TRACK INTERVAL,
PRE-APOGEE ELEVATION OPTION -4 VAlUE CF .008 RALIANS

TC POST-APCGEE ELEVATICN CPT]ON 4 VALUE OF
.008 RADIANS. THE PRI IS 2.0 SECCNDS.

RADAR 2, 1 TRACK INTERVAL
TIME OPTION 3 OF .2 SECCNDS TC FCST APOGEE
ELEVATION OPTION 4, VALUE OF .0O0 PADIANS.
THE PRI IS 2.0 SECONDS.$

SUE PILTER 1, USE SIGMAS IN RADAR PACKET 1 FOR WEIGHTS,

USE TRUE STATE VECTOR FOR INITIALI2ATION -1, MAXIMUM

NUMBER OF ITERATICNS IS 20, POSITICNAL CONVERGENCE
OPTION 1, VALUE a .5 METERS, NC APRICRI DATA 0,
ESTIMATE PCSITICNS EAST 1 NORTH 1 EEIGHT 1

VELOCITIES EAST 1 NOFTH 1 HEIGHT 1
DSAG 1 NC SPIN 0
NO WIND 0 0
NC EIASES 0 0 0 0
NO NULTIPATH PARAMETERS 0 0 0

MEASURE 01 ERECR CENERATION
SIN SIMULATING RADAR MEASUREMENTS INCLUDE
EIASES 1,THERMAL ERRORS 1, JITTER EPRCRS 1,
AND TRCTHOSPHERIC REFRACTION 1, NO MULTIPATH 0 $

METRO 04 GROUND CONDITIONS
SMETEC PACKET TYPE 2 (GROUND CONDITIONS)
AIR DENSITY IS 1.15 KG/MM
WIND SPEED IS 5 N/S ( ABOUT TEN KNOTS)
WIND IS COMING FROM THE N.E. ( 45 DEGREES)
GRCUND TEMPERATURE IS 266.5 DEG KELVIN$

OUTPUT 02 NOMINAL TRAJECTCRY
$COVERAGE CPTION 1, RADAR 1, WEAPON 1
TIME INITIAL OF 0 SECONDS EVERY .5 SEC TO IMPACT
CPTICN -999. PRYNTOUT IN POLAR COORrINATES~OPTION 2, NO TAPE PRINTOUT 0 S

SECTION 1 03/21/78 15.34.53 FAGE 2
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MULTIPLE HEM~ISPHERIC CCVERAGE RADAR

OUTPUT 03 CONVERGENCE---------------------------
$GENEBATB SICTICN THREE OF THE LOCATER TEST REPORT
1 TOP ONLY 1 RUN $

OUTPUT 07
SPRINT TRACK RESIDUALS 1, IURITE THEE TO TAPE FOR UICTTING 1,
FOB All RUNS 0

RANDOM U1 RANDOM NUMBER SrD INITIAI12ATION
$RANECE NUMBER SPED IS 3674Z231 $

END

fSECTICN 1 03/21/78 15.34.53 ;AGE 3
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MULTIPLE HENISPHIRIC CCVZRAGE RADE

RADAR I TRACRING WEAPON 1

1IINE(SEC) S(M) AZ (MR) FL (MR) RD07 AZDOT ELDOT VEL SHR(DB)

0.000 10012.5 1520.84 -1.79 -171.f -33.43 14.3( 393.0 36.03
.500 9929.3 1504.19 3.75 -161.4 -33.17 10.78 382.1 36.18

1.000 9851.0 1487.67 9.00 "151.8 -32.90 10.20 371.7 36.32
1.500 9777.4 1471.29 13.95 -142.7 -32.63 9.6, 361.8 36.45
2.000 9708,2 1455.04 18.61 -134.1 -32.35 9.02 352.5 36.57
2.500 9643.2 1438.94 22.97 -126.0 -32.08 8.4j 343.7 36.69
3.000 95&2.4 1422.96 27.03 -118.3 -31.82 7.84 335.5 36.80
3.500 9524.8 1407.11 30.80 -111.; -31.59 1.25 32e.0 36.90
4.000 9470.9 1391.36 34.29 -104.5 -31.41 6.68 321.5 37.00
4.500 9420.2 1375.68 37.48 -98.4 -31.31 6.12 316.0 37.09
5.000 9372.4 1360.04 40.41 -92.7 -31.2C 5.57 311.5 37.18
5.500 9327.4 1344.41 43.05 -87.t -31.26 5.02 307.7 37.27
6.000 9285.1 132e.78 45.42 -82.1 -31.29 4.47 304.4 37.34
6.500 9245.3 1313.13 47.52 -77.1 -31.32 3.93 301.6 37.42
7.000 9208.0 1297.45 49.35 -72.1 -31.37 3.37 299.0 37.49
7.500 9173.2 1281.76 50.90 -67.2 -31.41 2.e2 296.6 37.56 *1
8.000 9140.7 1266.05 52.17 -62.6 -31.44 2.26 294.4 37.62
8.500 9110.6 1250.32 53.16 -57.9 -31.46 1.70 292.4 37.67
9.000 9082.8 1234.59 53.86 -53.3 -31.46 1.13 290.5 37.73
9.500 9057.3 1218.86 54.29 -48.7 -31.45 .56 288.6 37.78
10.000 9034.1 1203.14 54.43 -44.2 -31.43 -.01 286.9 37.82
10.500 9013.1 1187.44 54.28 -39.7 -31.39 -. 5e 28!.4 37.86
11.000 8994.4 1171.75 53.85 -35.3 -31.34 -1.1! 283.9 37.90
11.500 8977.8 1156.10 53.14 -30.9 -31.28 -1.71 282.5 37.93
12.000 8963.5 1140.48 52.14 -26.5 -31.19 -2.28 281.2 37.96
12.500 8951.3 1124.91 50.86 -22.2 -31.10 -2.85 28C.0 37.98
13.000 8941.2 1109.38 49.29 -18.0 -30.99 -3.41 279.0 38.00
13.500 8933.3 1093.92 47.45 -13.7 -30.86 -3.97 278.0 38.0214I.000 8927.5 1076.53 45.33 -9.5 -30.72 -4.52 277.1 38.03
14.500 8923.7 1063.20 42.93 -5.4 -30.57 -5.07 276.3 38.03
15.000 8922.1 1041.96 40.26 -1.2 -30.40 -5.61 275.6 38.04

15.500 8922.5 1032.81 37.32 2.9 -30.22 -6.17 275.0 38.016.000 8925.0 1017.75 34.12 7.0 -30.02 -6.67 274.4 38.03

16.500 8929.4 1002.79 30.65 11.0 -29.82 -7.19 273.0 38.02
S17.000 8936.0 Se7.93 26.93 15.0 -29.60 -7.70 273.6 38.01

17.500 8944.5 973.19 22.96 19.0 -29.37 -8.20 273.3 37.q9
18.000 8955.0 95e.56 18.711 23.0 -29.13 -8.69 2"73.1 37.97
18.500 8957.5 944.06 14.27 27.0 -28.88 -9.17 273.0 37.95

, 19.000 8982.0 929.69 9.57 3049 -28.61 -9.63 272.9 37.92
19.500 899a.4 915.45 4.64 34.F -2e.34 -10.09 273.0 37.89

20.000 9016.8 901.35 -.52 38.7 -28.06 -10.54 273.0 37.85

SECIION 2 03/21/78 15.34.55 TAG" 4
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~ji MULTIPLE HEMISPHIDTC CCVIRAGU RADIFI

SECTION 3 - [IIEBI AICNS.

MONTE CARLO RUN NUREIR I
x y z VX VY YZ KD KS WE RN

Di DY DZ DVX DVW DVZ DKI DKS DWI DUN
RB A ED DB A B C

DRD CAB DEB DDB DA DB DC CTOTAL

---- ITIFATIONI 1
9962.6 564.8 4.6 -186.2 322,7 111.1 .692-O-03 .15 -3.5 -3.5

-.9 -10.9 16.8 .5 .5 .3 ,6403672-05 0.00 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0. 0.
0.0 0.0 0.0 0.0 0.0 0. 0. 7.3330

---- ITRIATION 2
9961.7 554.0 21.4 -185.7 323.2 111.3 .704654 -03 .15 -3.5 -3.5

-.0 .0 .0 -.0 .0 .0 .371027E-07 0.00 0.0 0.0
0..0 0.0 0.0 0.0 0.0 0. A.
0.0 0.0 0.0 040 0.0 0. 0. 3.8690

ITERATION 3
9961.7 554.0 21.4 -185.7 323.2 111.3 .704 6913-03 .15 -3.5 -3.5

-.0 .0 .0 -.0 -.0 -.0 .8311872-11 0.00 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0. 0.
0.0 0.0 0.0 0.0 0.0 0. 0. 3.8689

SE CTION 3 03/21/78 15.36.06 THIGE 5
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MULTIPLE HEMISPHERIC CCVIRAGB RADAF

MEASURE ENTS, INIGHTS FOR RUN 1

IPT. TIME RANGE AZIMUTH 3I1VN EOPPIER SNV C(NPT)
WEIGHT WEIGHT WEIGHT 113GHT RADAR DROP

1 .200 11362.6 1.976615 .004739 -297.26 33.83 E.6C295
.3843-01 .2201+06 .2201+06 .346E+01 2 0

2 2.000 9711.6 1.457461 .023212 -134.44 36.57 4.58125
.3913-01 .347E+06 .3471+06 .369E+01 1 0

3 2.200 10807.0 1.931942 .021161 -261.18 34.71 2.11070
.387E-01 .2571+06 .257E+06 .355E+01 2 0

14 4.000 9467.2 1.39C594 .035487 -105.44 37.00 3.20481
.392B-01 .370E+06 .3701+06 .372E+01 1 0

5 4.200 10318.4 1.892059 .032926 -234.59 35.52 2.80079
.3891-01 .2941+06 .2941+06 .3622+01 2 0

6 6.000 9279.4 1.327315 .046837 -81.20 37.35 3.56761
.3931-01 .3882+06 .3881+06 .3741+01 1 0

7 6.200 9871.6 1.851656 .044238 -215.53 36.30 1.40342
.3911-01 .3331+06 .3331.O .3681+01 2 0

8 8.000 9140.7 1.262204 .054708 -62.35 37.62 5.30075
.3932-01 .4032+06 .4031+O .3761+01 i 0

9 8.200 9440.6 1.808741 .052662 -200.61 37.05 6.79252
.3921-01 .372E+06 .372E.06 .3721.01 2 0

10 10.000 9030.7 1.201679 .056364 -43.97 37.82 .99590
.391E-01 .4151+06 .415E+06 .377E+01 1 0

11 10.200 9067.4 1.761956 .055616 -187.75 37.78 3.27802
.393E-01 .4121+06 .4121+06 .3763+01 2 0

12 12.000 8968.1 1.139067 .051358 -26.00 37.96 5.72229
.3943-01 .4222+06 .14224r+06 .377E+01 1 0

13 12.200 8692.6 1.709552 .056748 -173.26 38.49 3.44492
.3942-01 .4521+06 .4521+06 .380E+01 2 0

14 14.000 8931.5 1.077673 .049279 -8.73 38.03 .92549
.3942-04 .426E+06 .4261+06 .3781+01 1 0

15 14.200 8372.3 1.659522 .049791 -158.02 39.17 4.27881
.395E-01 .491E+06 .4911+O6 .3E3E+01 2 0

16 16.000 8930.8 1.016695 .039808 8.14 38.03 4.10057
.394E-01 .426E+06 .1261+06 .378E+01 I 0

17 16.200 8067.7 1.601676 .039908 -144.31 39.81 7.37031
.3961-01 .528E+06 .5281+06 .385E+01 2 0

18 18.000 8957.4 .957888 .020162 24.22 37.97 2.74017
.3941-01 .423E+06 .423E+O .3771+01 1 0

19 18.200 7804.8 1.541854 .023879 -126.16 40.40 4.20859
.396E-01 .5621+06 .5621+06 .3871+01 2 0

SECTICN 4 03/21/78 15.34.58 IAG 6f
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M ULTIPLE HEM ISPHERIC CCVEPAGE RADAF

SSECTION 5 - STATE COVARIANCE NATPIX ANE CORRELATICN CCEFFICIANTS MC RUN

2 .23086E+01 .11413E+02
3 -.619S7E+00 -.23C34E.01 .65090E+02
4-.27172E+00 -.44509E+00 -. 28462E+00 .97669E-04
5.338481-01 -.79983E+00 .76611E+00 -.94410E-01 .24509E+00

6 .65672E-01 .24188E+00 -. 57626E+01 -.48793E-02 -.24E64E-O1 .62481E+00

.1 1 ~ ~~.39116E-10 1XPSIC
STATE NUMIBER. STATE

j2 Y P0SI'IICN,
3 z PCSITICN41 X VELOCITY

CCEREIATICN CCEFFICIANTSDAG()2

1 1.0000000 -Y
2 .3156650 I.COOOOOO

3 -.0438736 -.0684199 1.0000000
4 -.4964018 -.3412S6i -.1128851 1.0000000
5 .03903'49 -.387t601 .1918100 -.6102038 1.0000000
6 .0474350 .C733315 -.9036298 -.0197517 -.0635375 1.0000000

7 .0962158 .3416913 .2639196 -. 7 329465 .5082596 -.1406291
1.0000000

SICTION 5 03/21/78 15.34.!E PAGE 7
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MULTIPLE HEMISPHERIC COVERAGE RADAR

SECTICN4 6 - LAiUNCH CONDITIONS ANr UEIGHTED RESIDUAL STATISTICS

RUN VO OE AZF T FIRE QR QA QE QRDOI Q 70 PIT NITER
MIS DEG LEG SEC

1 396.4 17.10 330.1 -. 13 .844 1.0 1 .963 1.011 3.E69 0 3
2 396.5 16.89 330.1 -. 12 1.627 .790 .776 1-497 4.690 0 3
3 392.6 16.93 330.0 .01 .863 .9E4 .885 1.022 3.735 0 3
4 392.0 16.83 330.0 .05 .867 .631 1.001 .881 3.380 3 3
5 393.2 16.89 330.0 -.00 1.425 e84S .e58 1.17f 4.308 0 3
6 395.7 16.92 329.9 -.12 .749 .631 .784 .829 2.994 0 3
7 394.7 16.97 330.0 -.08 .525 .794 1.069 .658 3.046 0 3
8 392.1 16.84 330.1 .05 1.8149 .862 .833 1.3014 4.847 0 3
9 391.6 16.83 329.9 .09 .828 .607 1.302 .604 3.1421 0 3
10 397.4 16.95 330.0 -. 13 1.243 .994 1.025 .520 3.783 0 3
11 394.2 16.85 330.0 -. 07 1.265 1.314 .863 .e6S 4.310 0 3
12 392.E 16.87 330.0 -.04 1.398 1.291 .924 .859 14.472 0 3
13 392.3 16.85 329.9 .04 1.210 .9(! 1.487 1.163 14.826 0 3
14 392.S 16.70 330.1 -. 02 .539 .848 .570 .676 2.633 0 3
15 3914.9 16.96 330.0 -. 09 1.528 .9E14 1.401 1..OCE 4.920 0 3
16 391.9 16.87 330.1 .014 .6141 .463 .811 1.002 2.9'17 0 3
17 386.7 16.86 330.0 .26 1.197 1.048 .803 .95S 14.008 0 3
18 305.6 16.80 329.9 -. 12 1.280 1.058 .846 1.461 4.644 0 3
19 390.5 16.99 330.0 .12 1.1427 1.325 1.1114 1.026 14.692 0 3
20 389.6 16.88 330.0 .16 .728 1.069 1.621 1.081 14.499 0 3

AVE 393.2 16.89 330.0 -. 01 1.102 .931 .997 .980 14.010 3.0
SIG 2.5 .08 .1 .11 .374 .226 .261 .255 .722 0.0

THE ABOVE STATISTICS IS EASE D ON 20 CUT OF 20 RUNS

SECTICN 6 03/21/78 15.3f.CE PAGE 8
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MULTIPLE HlHIS!JHIRIC COYRRAGZ RkDkR

SECTION 7 - TRACK SISIDUALS POR poN lYMBR I

MPT TINE RE DE AR IN D2 REM DR IDRP

1 .200 11363. -4.7 1.9766 4.045 .0047 3.055 -297.3 --1 0
2 2.000 9712. 5.0 1.4575 1.531 .0232 2.782 -134.4 -.2 0
3 2.200 10807. -2.6 1.9319 -.887 .0212 1.422 -261.2 .6 0
4 4.000 9467. -1.8 1.3906 -l.247 .0355 -.820 -105.4 -.8 0
5 4.200 10348. 2.9 1.8921 -.495 .0329 -1.418 -234.6 -.7 0
6 6.000 9279. -3.9 1.3273 -1;551 .0468 -. 794 -81.2 .7 0
7 6.200 9872. 4.3 1.8517 .706 .0442 -1.237 -215.5 .0 0
8 8.000 9141. 1.3 1.2622 -3.583 .0547 .170 -62.3 -. 1 0
9 8.200 9444. -.10.1 1.8087 1.795 .0527 -.387 -200.6 .6 0
10 10.000 9031. -2.9 1.2017 -.830 .0564 -.590 -44.0 -.3 0
11 10.200 9067. 5.4 1.7620 1.832 .0556 -1.091 -187.7 -.3 0
12 12.000 8968. 4.0 1.1391 -.369 .0514 -3.447 -26.0 -.0 0
13 12.200 8693. -8.4 1.7096 -.803 .0567 .75 -173.3 .2 0
14 14.000 8931. 2.1 1.0777 .628 .0493 1.160 -8.7 .1 0 I
15 14.200 8372. 3.6 1.6595 1.905 .0498 -. 660 -158.0 .7 0
16 16.000 8931. 2.2 1.0167 .888 .0398 2.790 8.1 .3 0
17 16.200 8068. .8 i.6017 -.290 .0399 .272 -144.3 -1.4 0
18 18.000 8957. -3.2 .9579 1.727 .0202 -1.564 24.2 .1 0
19 18.200 7805. 7.0 1.5419 -1.697 .0239 .713 -126.2 -.3 0

TRACK RESIDUAL STATISTICS RUN I

RANGE (N) AZINUTH (NE) ELEVATION (NE) DCP~lPIR(M/S)I

AVEGE .055 .174 .059 -.052

SIGMA 4.636 1.706 1.633 .516

41

- - ---------------------------------------------------------
SECTION 7 03/21/78 15.34.59 JAGE 9
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V.IM .055 4.636 *III * i
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AVE. SIGM .1711 1.706
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BULTIPLE HEMISPHEVIC CCVERAGE RADlR

SECTICI 8 - ES7IIATION STaTIST7CS (EST-TRUE)
IC KD KS WE WN BE IE BB DB AN BM CH

1 .1046912-03 .15 -3.5 -3.5 0.0 0..0 0.0 0.0 0,.0 0. 0.
.6982502-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.644077E-05 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

2 .705662E-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0.. 0.
.7021182-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.354,3753-05 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,. 0.

3 .6597692-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.705987E-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.

-.6217911405 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

4 .7049462-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.7098551-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.

-.4909301-05 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

5 .7145912-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.7137242-0- .15 -3.5 -3.5 0.O' 0.0 0.0 0.0 0.0 0.. 0.
.867220R-06 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

6 .7179461-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.717592E-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.3543751-06 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

7 .7213961-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 C.0 0. 0.
.7214613-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0. 0.0 0. 0.
-.6460282-07 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

8 .7170703-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.725329F-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0.. 0..

-.8259112-05 0.00 0.0 0.0 0.0 0.0 0,.0 0.0 0.0 0. 0.

9 .7318802-03 .15 -3.5.-3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.729197E-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.268254E-05 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

10 .7543521-03 .15. -3.5 -3.5 0.0 0.0 0.0 0.0 0.00. 0.
.733061-03 .15.-3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.2128611-04 0.00 0.0 0.0 0.0 0,.0 0.0 0.0 0.0 0. 0.

11 .7358663-01'".15.-3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
-.068105-05 o. 3 ,"3.5 0.0 0.0 O. 0.0 0.0 0. 0.

-. 1068103-05 o" 6. 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

12 .7219892-03 .15 -3.5 -3.5 0.0 0,.0 0.0 0.0 0.0 0. 0.
.7408032-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.

-.1881402-04 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

-- ------ ------- ------ --1 21-- ------ ------- -----SECTION 8 03/21/78 15.3!.42 PAGE 29
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MUl1lP'L IIE411IISIC CCVU-,AGIE R~AW,

.c D KS v Wx v EN p AE DD k" BN CM

13 .74172uk1-03 .1S -3.5 -3.5 0.0 0.0 0.0 0.0 C.0 0. 0.
.1446111-0 .1! -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.257263Z-05 0.00 0.0 -0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

14 .745087t,-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.1453SE-03 .1! -3.5 -,.5 0.0 0.0 0.0 0.0 0.0 0. O.

".345199Z-05 0.00 0.0 :.0 0.0 0.0 0.0 0.0 0.0 0. 0.

1! .148C801-03 .1! -3,2 -3.' 0.0 0.0 0.0 0.0 0.0 0, 0.
.42COE-0 .1! -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.

-. 3527741-05 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

16 .1486841-03 15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
,1!62"6M-03 .1 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.

-. 759'4241-05 0.00 0,0 '0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

17 .511C71-03 415 -3.5 -3.5 0.0 C.0 0.0 0.0 0.0 0. 0.
.76014!E-03 .15 -3.5 -3.5 0,0 0.0 0.0 0.0 0.0 0. 0.

-.9037631-05 0.00 0.0 0.0 0.0 0.0 0.0 0.0- 0.O 0. 0.

1e .165161-03 .I5 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.164G131-03 .1! -3. -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.
.1062L41E..05 0.00 0.0 0.0 0.0 0,0 0.0 0.0- 0.0 0. 0.

19 .1612601-03 15 -3.5 -3.5 0.0 0.0 0.0 0.0 C.C 0. 0.
76780e-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.

-. b613751-05 0.00 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0. 0.

20 .769969E-03 .15 -3.5 -3.5 0.0 0.0 0.0 0.0 O.C 0. 0.
.7717OE-0 .1! -3.5 -3.5 0.0 0.0 0.0 0.0 0.0 0. 0.

-. 1781091-05 0.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

1S.INAIO ST&UiS1ICS BASED ON 20 CO7 OF 20 VUONS

ND ,S E IN BE AE ED D AM Bm Cm
-. 158639E-05 0.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.

.1'53S31-05 0.00 0.0 0.0 ,0.0 0.0 0.0 0.0 0.0 0. 0.

..................-......-..................----------------------------------
SECTICN 8 03/21/78 15.36.06 TAGI 30
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SECTION 9 ZNZRcIPI ICUTIN!

INTHICIPT I op0IG -2(spsCI"UD AIITMUDI )VALUIu 30.00000
STATISTICS BASED ON 201 CUT 0? 20 RUNS

"C X N (m) p (N) GOOD '711- 0

26.3 -58.5 -. 0 64-.1 0
2 23.6 -46.6 -. 0 52.3 c I "0
3 3.6 9.7 -9 10,4 0
4 -3.5 20.5 .0 20.7 0
5 3.8 5.0 -.0 6.3 10
6 32.0 -24.9 -. 0 40.5 0
7 19.7 -28 1 .0 34.3 0
8 -.8.6 16.4 .0 18.5 0
9 -10.8 31. .. 0, 33.6 0

10 27.8 -40.6 -. 0 49.2 0
11 15.9 -30.5 -. 0 34.4 0
12 14.3 -9.1 -.0 16.9 0

-13 2.2 194 .0 19.5 0
14 5.2 -1C.1 -.0 12.1 0
15 20.5 -30.8 -. 0 37.0 0
16 -10.9 7.8 .0 13.4 0
17 -45.8 78.6 .1 91.0 0
le 28.3 -33.6 -. 0 44.0 0
19 -24.2 35.3 .0 42.8 0
20 -27.3 53.0 .0 59.6 0

AVE 4.4 -1.0 -N0
SIG 40.2 5.3 0.0
AVERAGE i" 35.0 m, SIGMA To 20.9 ti, Cir 34.3 M

SECTION 9 03/21/78 15.36.07 1AG! 31
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This exar,.lo doontratos a jltiple radar tracku a low .uadrant elevation 105 pill
howlt 'z'or.

6. The radar used in the coverage is the southernmost sensor . 11r South. Note tluat tho iawx~iiua

projectile elevation angle is approximately 54 mr or 3 degrees at the time of 10 seconds.

SECtiON 4 output is a dump of the track file which consists of both radar's measureme nts

sorted in time. 'he noasarements with traic times of 2 to 18 seconds evory 2 seconds are those

of radar 1 while these times oa .2 to 18.2 seconds are from radar 2.

SECTION 7 reports the file of track residutls for monto carlo run A. Te fit state vector

is extrapolated to each track timo, transformed to the appropriate radar cooldinate system and

the qutity, measurement minus estiniatod, is printed and plotted. ITe measurement residu ls

standard deviations are range 4.6 n, azinmith 1.7 mr, elovation 1.6 nr and dopplor .S ii/s.

ie statistics on drag estimatlon (CI)) Indicate a standard deviation of .76SH-S nmr/g,

which corresponds to a drag estiato of 1,04 %.

The output from SECHON 9 plots the fittedi state vector extrapolated to the terrain, withA

respect to tle true launch location at coordinates (0 m East, 0 in North), 'Ilia wen miss

distance locatIl, 4.4 m I.ast and -.I8 m North, is relatively unbiased based on 20 Montc Carlo

runs. Ia equivalent ellipsoid has a semi-nvijor ,xis of 40.2 m incliel at approximtoly ISO

degroos. The semi -major axis is almost inclined In the same direction as tho down range axis.

The cross range accuracies at 8.5 iw is about 14.5 n; This error is largely responsible for

the elongated scatter diagram. 'Flte equivalent CIL" is 34.4 in.

System errors sth as surveying accuracies, axes aligment and biases have not been

included li this apalysis but are nonetheless important and should bo included for practical

applications,

190i
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8.0 LWATER PROGRA&4'S WIli

The progromr's guido for IDOATU cotains the following:

1. Flow charts of the main control routines.
2. Subroutine calling sequence and level imnber.
3. Alphabetical stroutine list, calling routine,

and purpose.
4. Labelled cummi variable description, values,

units, and cross reference list.
S. Information for modifying LOCATER - Input

storage array lengths and addition of new data
packets.

6. Information for the modifying equations
of motion.

7. LOCATER input/ottput utrits, pturpose and
contents.

8.1 Flow Charts

The following routines are flow charted in Section 8.1.

I. LC ATER Main program
1. Variable initialization2. Reads in data packets

3. Call W3NITR the control
progrien

4. Atxtputs all data files

2. lNNITR Main control subroutine
1. Doterminos program run odo -

either simulation or real data
analysis

2. Generates tierrored trajectory
coordinates

3. Computes radar noise for
measurement s inilation

4. Calls the state vector estimator
routine W4XLIK

S. Determines covariince of estimated
state vectors

3. MAXLIK Estimator subroutine
1. Generates measurement weights
2. Determines starting state vector
3. Solves the m=xinum likely eqtuation
4. Generates SECIION 3-8 of the

IOCATER REPO~r

4. ACCEL Equations of motion
Refer to section S.3 for description

VS
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-S ~~ i:lf7-73
8.1.1 LOCATER FLOW CHART

Var lab 10
initial ization

ALIITAL

Read~ LOCATER X
In ut dock

Gene rdto
SFCTION I

Print Soction I
CALL OUTFIL

Road Title
Ca rd

IsRead data packets
isCALL INP

EOF CALL CHECKS

rajectory coverag
ALL TRAJEN

Etimation

CLL MON IYR

lPrini SECTIONS
End 2 to9.

CALL OUT
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S. 1.2 ?ONI ITR FLOW LHART

Radar number - NRA
Weapon number - NWE

FIE

O'norate Utierroredi Road External
Coordinates Trajoc4-ory Ra elOt

L.CALL GENERJ CALL BRUIN CAL.L REALOAT

IGenerato NUISO Comnpute SNR If
CALL ENVNSE J Nt Measured

.slmTrajucior

CALL FILTER]

acss

CRturn

A ~~193 - -.



O,3 XLIK FLOW W~ART

by ollorIfn weights~I ~

IT StOvros t-0 ostimto In X

UP~ I Sthtos to oslrmito In a

CALL START

NonueT ant oi tn. ALLEDIT

FSot roforonce tli. '

ExtrapoIlmo x to tim
CALL EXTRAP

IturitiOn 1000~. counter NITER

Initiaizo Invorso covarariinco

3, to bo zero.

CALL MATZER

Put alpriori S.Y. X i'orms, on

CALL. APRIR



A N

oon #mofisuremants, N

No Is

"'r tlf S.V. X to
i Jmasur .ttime,- il*

TJransform X In ESF to R Inle:

I ., RA by eqn [5-31. -,
IP ' CLL XYZRAE ,,

Compulio rasuroment rosidua.. _R.

II

NS=OYe

CompUte transition matfrix,.

Sect lon 5.5.3
CALL P11IM.T

Computo paturbation transfor-

motion i atrix, C.
Soctlon 5.5.2 'CALL NLEC

C191



AA

C D E 'F

DOWf)n S.V. X partitions In
e-I and 8 by-eqnl3-423

'4 )C t t 

YYI = 4 C-Wt AR

NPZO -

No
3F(a)4

Compute - by eqn [5-331.

CALL DFAMAT

C 4-0 C Define B/M S.V. a partitions

0 I~nP-1 and 8 by e9qn [5-42]

0 -~e,.3 F a) t

YY2WtA

IsI

19>
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G H

I Update Inverse covarlance,I P-1, by eqin [5-423.

xi XI :XX2

- - XX2t XX4

Update residual error mnatrix.
B. by eqin [5-43J.

-YY2

SovLL for perturbation. 45V.
-~ (')'BeqnE5-463

I anI- 1
Is NO

an aa Edtmaurmns
Ye hiL DI

1 1 a7



ACCE I.UL FLOW CHART
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e nt alr lon

eterinepo ctv

a A +L f- uStanardiffmosperoIntrpolteMT t!)A
Air ensty Lyerd Ai desit
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8. 1. 5 Su broutine Calling Sequence

ilVEL RIUNE

0 LOCATER
1 INITAL
1 SECCO1

I WI'FIL
I INP
2 FMAD
2 copQIK
2 TABLIN
2 SITUP
2 OMF~1IL
1 au:C~s

1 TRAJIEN

2 Rr"QI
2 SE-CF62

3 3CST
3 TLUXY

3 SM~
2 VXTRAP$
1 MONITR
2 GEME
3 1~SM

3 )PEACII*
3EXTRAP$

3 XYZXYZ
3 XYZIRA1

3 RCSr
4 TrwXY
3 SORT
3 SL21
3 XYZECF
3 ECIMXY
3 XYZRAE
3 Rcsr
4 TLVXY
2 PIAUXT A
3 SGNR
3 Soi~r

3 GAUJSS

4 IJUXY
3 TRPSH
3 SG(iR
2 FILTER
3 MUML1
4 wnirr
4 Sn.Afl

S SETND
NE4AS

7 siml.QN
6 POLYVL

'6 DIPPOL
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4 PIIM4T

S IXYZHCI:

4 RAM4I

4 11O4V'
4 PTINV
4 COMTK
4 IIXNMI
4
4 su4o

4 SUiCr07
4

2

3 GIND21

101 WI

DIIAS NAW4

2

I M II)

2

IS XYZRM
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I ALTU1D
I GPD2

1 NMfVX

A~ul: subroutines, sxxol0 to swICo9, call, subroutines 'ro and Bar.

Al xiti e Desprojetioen

WMAG Vector magnitude ACL 4

RCST 2
MM I

PCSHCIO06 1
SECTO09 I

APRII{ Apriori information for MI MUML 1
AVRGII Avetage of an array EDIT 1
AXB Vector crcs product AC(ML 2
Bar' Writes bottom of each~ page smcroi 2

SECro2 2
SECI'3 3
SECrQ4 2
RUCOM 2
SE1,0I6 3
SHCTOQ7 3

kst-Cro9 s
BRLIN Read external trajectory Mt4ITR 1
Mr-CKS In p tdata- consistenzy chock LOCMM3 1
cOtV1M Mlicovergernce test MLIK 1
MOUMK Transfer Input to storage arrays INP is
Copwr tIix copy WR.XLK I
DIW4XV B/H perturbation transformation in MI MALIK 1
DIPPOL, Polynomial differentiation Mk4~s 1
ImdPwV D~mp inpiit data packet arrays 0 flICKS is
ECEXYZ Coordinate transformattion from IIRLIN I.

Mr. to 11SP XYZXYZ 1
MDIT Measurement editing HM\XIK 3
HEI(GN HiIgenvillues of Syuuuutric matrix SM. 109 I
F fiNNI Add radar noise to trajetr lO.UTR 1
)IXLPSII MEI stato vector expansion/collape.o MAXLIK 2
'blCIRAP State vector oxtrapolation. GIMNR 1

* M=1LK 2
RUIMT 2
IMIA0 6
TRAIIIN 2

'I~R 1:iter choice routine ~4''
I'1IIA Read free formit data packet INP I
GAUSS Random nunber generator ISNVNSII 2

QINIIR Generates unerrored trajectory KI~OJTR I
coordinates for simulation

GRND2l Determines ground height if no MIalI 1
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dlg~'ca te'~nk~tj has been~
INITAL Vaial 

1~rt
jT INl' m ck daIta Iltia ~to ECl0INP U1111 11put rou izato Lolvfiz

LOCATER ya drag COefficlj011 curve LCT31

MArz Ll'trx it1_til to 0

ZAV.1K 9
Wn ~ O t o 1 k ' iti o z i b rent W w r I -fito traunti oi , fr m U L IK 3

Perurbati n tra jct ory estiJoll f l o11

t oSEro9tio a in print e nn

PIMA'lJ7' Stat tas tj(a ' matrix silkti

byxr bia"mutiPth errorsou~r Compt' ofRCS1"a qutolsMN
1GLNl ltli -

41Transfers 
In put toa s k S1,09

to ros Prints line arrayK

Si~ kl' t conerg t~u-tolmatrix adlTALIN

SECI 'O Pnttr a reidu sios

ASI ISI? W P 2ll-Sr~ il it n d a n d o1 Uin id N

RC o1 mnp ute "igna l nois e rtor 
AWSJSILQN~BILI SiItnos qain

UtoIretortoSrC2 Iit ~ecfid llitjljGIN E-Z 2

MMI rllfls EJ0
1111"t crdsto dsk 202o

Rrvutwi uid eal il-t
SE.r1 

LC-r1"4i dat ca x.



SECT09 -1

STaRT Get state vector to initialize Mlii MAXLIK I
TABLIN Real a table in a data packet INP 1
TLUXY 2-D table iniorpolation ACCEL 4 1

HLMYr1l I
RCST I

TOP WrItes LOCATER title at Bar 1
top of each' output page S13Cdl-09 1

MRAJN Nominal trhjectory generation LOCATER I
TRZ'PINPSH ?Wtrix transpose MAXLIK 2
TRISH Trophospheric refraction errors ENVNSE 1
•QU r' MeasurcAiint weights in WLE NIAXLIK 1
XbIIAS Compute Initial state vector srAr I

from measurements
XYZECF Cordinate transform froiin BRLIN 1

ESP to EC XYZXYZ I
XYZRAIL Coordinate transform from BRLIN I

ESF to RAB GI3NER 1
WMLIK 1
REAM 4
SECT02 1

XYZXYZ Coordinate transform between GEIINER I
2 radar ESF systems WJXLIK 1

RIAO 4 N.

8,3 Labelled Conmon

The FORTI'N source of LOCATER uses 22 labelled common areas with each cotmion being

implemented as a CCKCK in the CDC UPDATE form of source storage. This implementation allows

global comon redefinitions. 7

The purpose of this section'is to familiarize the programer with each common variable.

The subsections of 8.3 are,

8.3.1 Input Data Packet Storage.- ,arrays and dimensions

8.3.2 F'ORTRAN Connon Statements

8.3.3 Variable Cross Reference
variabio list

8.3.4 Comon Variable Descriotion
values, units, and defining subroutine

8.3.1 Inpuc Data Packet Storage Arrays

FAch LOCATER data packet has an associated comnon storage array. All field free

nuaeric ITES that were read from the data packet are stored in this array with the number of

ITIWMS read being stored at the end of the array. The dimensions of these arrays are also
I

stored as variables.

For exaple, the WEAPON XX data packet is stored in array W CAPON(100,XK) in labelled

connon WEP where XX ranges from I to 5. The first dimension of the array WEAPON, 100, is

stored in variable IDDfIA(14) wihile the second dimension, 5, is stored in JDIMA(14).

203
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The following is a list of packet name and storage arrays:

Packet Packet Labelled
Name Array Dimensions Dimension Names Common

APRIORI APRIOR (20,5) IDImAh() JDItm(l) APR
EDITOR EDITOR (20) IDDIA(2) JMA(2) MAS
EIMATOR ESTIMA (70) IDIMA(3) JDIMA(3) ESTI
MEASURE MASUR (20) IDIM(4) JDI?.IA(4) MSGN
MERo MrRO (10,5) IDIMA(S) .JDIMA(5) MET
MISSION MISSIO (20) IDIMA(6) .JDIMA(6) TRAC
NULTIPATII! ULTIP (20). IDIMA (16) ,JDIRA(16) MUL
ORIGIN ORIGIN (10,5) IDIMA(7) .JT)IMA(7) ORIG
OUTPUT O(JTPT (100,5) IDIMA(8) ,JDINk(&) OUT
RADAR RADAR (100,S) IDIlA(9) .JDIMA(9) RAD
RANDCI RANDOM (S) IDIMA(10) ,JDIMA(10) RAND
TOPOGRAPH TOPOGR (20) IDIMA(12) .JDIMA(12) AAA,
TRACK TRACK (100) IDIMA(13) ,JDIMA(13) TRAC
WEAPON WEAPON (100,5) IIMN(14),JDIMA(14) WFP
VECTOR VECTOR (20,5) IDIMA(lS) ,JDIN1A(lS) APR

In the above list if a variable has only 1 dimension, e.g., array MISSIO, the variable

JDIMA(6) would be 1. If the dimensions of any of the above arrays are to be changed, the new

dimensions of the array should be stored in arrays IDIMA and JDIMA. LOCATER will then

automatically perform bookkeeping if storage is changed in this manner.

Some data packets have an optional table as input. The following list contains the packet

name, table storage array name, dimensions, variables names of dimensions and the appropriate

common name. The array for storage of the variable format to read the table is also included.

Packet Table Common

Name Array Dimensions Dimensions Names Name Format

MERO METVAL (40,6,5) IDET,JI",MET MET DmIMET(20)

?4I1TIPAT1 MULTAB (100,2) II4JL,JJ4JL MUL MI1L (20)

RCSTABLE RCSTAB (100,2,5) IDIMA(ll),JDIM(ll) RCSS IfTRCS(20)

For example the METRO 3X data packet is stored in array METVAL(40,6,XX) where XX ranges

from 1 to 5 thus allowing 5 different sets of meteorological conditions. The variables II1iET=40,

IrMET-6, and KIIET=S. The array MMlVAL is stored in labelled common M.T, with the variable

format to read the table being stored in array Fif'r(20).

8.3.2 FORTRAN Labelled Common Variables

All FORTRAN labelled common blocks in LOCATER are:
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fmIl 172 W I'l

C%"4Q VAR~IABLE,
NA~43 LIST

APR APRI0iR(20,S) ,VECI'OI*(20,5)

0c*LG(3) ,-ccN~xmu'o

HSTI ESTI'IM(70)

INFO

I.AJI, INDX(1)

WEAS W~IAS(3O0, 14), ,I1RM,JJP.\j,uWn'oR(2o),
RSBD(300 ,4)

MIT

W~it XOJV (20), DXOUTl(10) , A]IAT (7) , AO(X(7),
lmOUr(7) I ISTATI (10), IST11i(7) #Q(4),
QSLH~,C0VAR1717)

MU32 IFIT,NlTl:R, NS,NSX,NP,NPlX,
al*K, TSIXNDOL EXD,1.L(17),

MM~AUR(20)

~~IJL M MJ L P(20) 3J A B ( 0 , ) 1 I J . J I I I,

ORIG ORIGIN (10, S), ,IfIl (20)

our oIurPr(100,10)

RAW- RA11kR(100,S) ,M~rDAT(20,S)

4 RAND 1SrARrRANUCI(S)

RCSS RCSrAB(100,2,S) ,IMIRCS

REPORT TITLE (20) ,NLINl%,MWA,aflr-IfS(22),NPAQI ,NlW{,DAY,TOD
TAPES IlAPH (20). dKAPH .(20), KIN,KW,KDA\T, KiI, MW

TRAC MISSIO(20) J1RACK (100)

WIIP WThuMV(100,S)

The description of each Niariable is In section 8.3.4.



8. 3. 3 Cass Refocz Variable NZI List

VFARIADI: MW4~3 WRTABLE CHa3N VARIABLE MM,~J
NIVMC BLOCK kNAME1 BLOCK 1"AME BLOCK

ALG1O caxsr KRATA TAPES MIT MULEZ
Ar MLM3 W1131 .LNIMMI N5PX ME2

APRIOR APR K . CS LMNI1 NSX UrE
(flVAR 1.11131 KIN TAPM WIJSED HLE2.
Iakow' M11:1 W~fl TAIT.S MITP INFO
MSUBE R MPOT KREAL TAPES Q\ W. G EARn I
MYW RETPORT KTIAPH TAPS OMQ~ EQU1I
DW3RAD 14SV I MA T LEIM1 ORIGIN O111c
DxOUT MLEI I1MV REP0R O)(rPT tyrr
ECCEN UARIV LXRT II~~ P CVNSF
EDITOR REAS \tc11* P102 GONSI,
EWtIM F.Sr We=~J ?4%N 1\11.13.
I-A. r M RAD Mr\' n M.D IIA ~ NLE
R M, T.Ir MIT M1RO METAD RAD I
0~IV I'DU L M WMIAL 11~ Tr11NT1 PANM
9TIfRCS RCSS MTIEAD (.101%' RCSI'AB RCMS

GRND AAA MIJLR INFO lEimR IARTII
GRNMI AM ~ IMTAB MI. RWIG RM11ifh
GO WATI I WLTIP M4JL DIMAS MENS
IRAD rW1 NMROP tmLE RSEI) MRAS
ID1D4\ LEW1mI NITER MLE2 S N V M1,12

HIt LILW111 N I NTE REPORT TITLE- REPORT
IMEL MrI.EZM MLI:2 MI) RtPORT
IFIT ML2 \M11it DIN U."NX My)A

[MR. Mt. N*m' M. M17 TRACK TRAC
HIM MEA\S l, i2 T~P X

ISrART RAND NP 1\LE2 VSNIV EMU~

ISTT MLEI1 NPACKS L FAN (MI V EM MN WIT
ISl'AT2 ZLEI NPAGE REPORT IWJRD I.En mlI
ITAPS TAPrs. NP( REPORT XGR Ak
JDINA LMMI~ INP'fLIX I NF. O \OW L
JimflEt LMIh NP.X ME2 WtR A

JX'tIJL ML NRAD IF
JJRI AIS NRUIN INTO

S. 3.4 Labelled Conwrin Variable EMscription

kiused Storage and tile routine tult tiefines the vairinble. All variables follow the convention:

I-N integer, othemise real, except udiera noted.

APR 1ABI3LLH) COMMK

Variable 1Dscription, Val~ue, Uits
APRIOR(20,S) Storage Cor .AMRORY packet.

Section 6.'.1. E'lerneits 11-19 of each coltmi is trused.

VECFORC20,.) Storage for IT-CF1OR packet.
Section 6.2.16. lfleiionts 12 *19 of each coliumt is Lnnlsed.

'flic gecond dinision rle-,'s to the packet nier.I
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cog~r IAfLuurm cXk

Variable Description, Value, Units

ALM1O Natural log of 10.0 - 2.302S85
I  !!GLD Pi/180.0

MILRAD Pi/200.0 (real)
Pi 3.141926S36
P102 Pi/2.0
'I%,OP I 2, O*pi

Variables in CONSI' are defined in subroutine INITAL.

AR 1R LAUILID C0$14

Variable Dscription, Value, Units

F£CCEN Earth eccentricity - .0822719
C00 Gravitational constant ti1ms radius

of earth squared - 9.8066S*RL-*RE
IIAD Radar altitude above sea level
AROL Radius of earth at north pole-

636S83.Q meters (real)
OCG(3) Components of earth spin resolved

onto ESP system at radar location
C14GA Earth spin rate-

7.292111-S (rad/sec)
R: Radius of earth at sea level
SREIR RB+IIRAD.
SIOG Atmosheric density (kglmm)
VSN;U Velocity sound (n/s)

Variables in EARII art- defined in Sh ND and INITAL.

ISrI ABUIUIMD OC$tI

Variable Description, Value, Units

FSl'Mk(70) Storage for FSTIRWMX packet.
E-lenwnts 2S-69 are unused

INIY LlLED aIt3

Variable Description, Value, Units

Nvuntber of runs-definedin MaNtTR-,MISSIO(I)
JdARD 0 single radar flag

I multiple radar flag
NRAD Packet # of base radar frm 1 to S

NRIIN Current run ntvnber. I to HE
N I AX 0 of observations in track file.
NIP IWeapon packet from I to S.

If real data mode N IP my be 0.-MISSIO (2)

Variables in INFO ar- defined in MIY4lTR,GIL\T!R, IIRLIN andmiir
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LUNGIH LABELLED CCMON

Variable Description, Value, Units

IDIMA(20) First dimension of packet storage
arrays. section 8.3.1

JDIMA(20) Second dimension of packet storage arrays
II l" First dimension of array MEVAL-40
JIt4ET Second dimension of METVAL,6
KlMET Third dimension of NEIVAL-5
INDX(12) (INDX(1)) is the index of the

I'th estimated state in the
state vector X.

ORCS Second dimension of iCSTAB-2
LNAIAT Length of B/M state vector-7
LXHAT Length of metric state vector-20
NPACKS ?Ar,er of data packet types-16
WORDS(20) First 4 letters of each PACKET NANE

stored as left justified Hbllerith. I"
Variables in LENGMI are defined in INITAL and BLOCK DATA.

NIAS LABELLED COfMO

Variable Description, Value, Units

1!' I(300,14) Measurements file. For observation
I,F*MFAS(I,K) contains;
K-
1 Measurement time(sec)
2 Range measurement(m)
3 Azimuth measurement (rad)
4 Elevation measurement (sad)
4 Doppler measurement(m/s)
6 Range weight
7 Azimuth weight

E -levation weight
9 Doppler weight
10 Signal noise ratio(db)
11 Radar number
12 Point drop code

0 Good point
1 Dropped from pre-fit edit
2 Dropped from low SNR
4 Dropped from post-fit edit

13 Weighted squared residual for
observation

14 Unused

Cols. 1-S10 are defined in GENER,BRLINor REALDAT
Ols. 6-9 are defined hi WEIIT
Col. 12 is defined in EDIT ,
Col. 13 is defined in ?AXLIK

I IR First dimension of rAS-300 j
JJRM Scond dimension of R AS14
RSED(300,4) Track residual array (measured-estinte).

For observation I, RSED(I,K) contains
K-1 Range residual (m)
K-2 Azimuth residual (rad)
K-3 Elevation residual (rad) - i
K-4 Doppler residual (nv's)

EDITOR(20) Storage for EDITOR data packet.
Elements S-19 are unused

20
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Variable Description,. Value, Units

nn3RO(I0,S) Real storage for *I-VW) packet.
14fI WlR MlRD packet-number to be ted

defined in SBITND.
N*' MIETIO tfl1:

1 Default atmosphere
2 S cfiod ground conditions
3 Spcified layered atwnosphere
1 layers in type 3 W1'iO packet-

?.ETAL(40,6,S) Storage for layered MVTO table. For
packet N MNO and layer I,

IflVAL (I g hNO). contains:
K-1 Wight Oin) of tenV/den
K-2 Teuerature(deg Kelvin)W- Density~kg/nu)
K-4 Height of wliids(ut)
K-S East, wind On/s)
K-6 North wind (ni/s)I

ltr41?,'(20) Variable foiinat to read 1 "l' layer

MlUI LU fLE COI[

Variable Description, Value, Units

XOUF(20) Output estimated statevector. So0
section S.3 for description,

DxoWr(lo) 'State vector perturbatioti
\1LAT(7) B/N% state vector , Section 5,5.1
wr(7) B/M state vector output in

secrIm 3
UWUI(7)- B/N state vector perturbation.

output i% SEM"tI( 3
ISTATI (1O) Estimation switches for metric SV.

See-section 5.5.1 IinplceWitation
ISTAT2(7) rstiirtion switches for B/N

state rector, See-Section 5.5,
Implementation.

Ql(4) t\Ieraga weighted sqiatx residual
over 0 of ohsorpped ous for each masuremat
co1'm nt,

psi Sun of Q coaentsCOVAR(1 7,7) Covariance mtrix output
Ain SECrICN S.

Variable W~scrlption, Value, Ui~fts

IFT0 ood f! t flag
I Ka d fit (divetge' ce)

NI1TR I teration,# of estimator
Of# of dropked measureineats

froni editing
• .NI I of good measurements

NSX Hx I of metric states to
estimtetoi" ~ ~ N " 0 of metric states to estimate :

NPX W\ f of-RPM states to

2o9 I
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estimate
NP 'I of B/M states to estimate
NSP' NS+NP.
NSP.X NSX*NPX

NN!~~ I of radar- measurement cmonents!4 -
f14 measurement ct 6 oeiie

IRXL(l7) For ilia I'tfi es tad state
C SINAN~i?)STN"(IE>(I)) is'name-of state.

?.SGN WHBELLE CG40 ("

veI. Variable Description, Value, Units

W.ASIJR(20) M4ASJR1 packet stcrage array. See,-

- section 6.2.4.1

M4L LABEL LED CMW~t1-

Vdriable Description, Value, Units'-,I

?4JLTIP(20)- ?JLTIPAIII packet storage array. S6e -

section 6.2.7-
l4JXAB(lOO, 2) Real'stoiage- for )IJLTIPATII table

Col~umn 1 is unerrored elevation (rad)
Coluim 2 is, errored-elevation (rd).

111411 First dimendion of liJ11AB,!lOO
JAI4L Second dimension-6f M4JZAB-Z.
RaWl4L(20)r- Variable- fontut to 'ria4 U'w,16 of the

mltipathtable

&RIG LABELLED-CMMQ'

Variable Description, Value, Units

ORIGIN(0,S .Sorace Array of ORIGIN'packet.
See section -6. 2. 8

wrif (20) Varinble format to read external data

OW LLED CMMR

Variable Description, Values, Units

oIurft(lOtIlO) Storage array for WFPIJI data -2

packet. The packet nimnber i's
the same as the colun.

RAD LAELLED Ct)41 -

Variablu Description, Value, Units

RAIIAR(10O,S) Storage for RADIAR data packet.
The packet I s stored in the saweA
colum. Elements 34-49, -63-99 I
of each coiwut in unused.- Eldnts
50-61 contain transformtion &atricos -
from ECF to ESP. Element 62 contains
radius of earth Cm)

R4M1T(2OS) Variable format to read real data
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RAW IAzLLED 'CO*M3

Variable Description, Value, Units
RANLICf(S) Storage array for RANDC24 packet.

See section 6.2.11

ISTARr Starting random # seed

RCSS LABELED C St

Variable Description, Value, Units

KSAB(I00,2,5) Storage array for static RCS
vs. aspect angle table

R4MOS Variable format to read RCS TABLE

REPORT LBEUM CI

Variable 'Description, Value, Units

TITLE(20) WLCATER" title card (20A4)
NLINE ThO current print 11i4 1
'LN4W Max # of print lines/page

Set at 55 in BLOCK DATA
NI Physical page size in lines60
NPAG Page I of lOCTER REPORT
DAMES(22) Array of dashes
DAY Date in form bXX/YY/ZZb

XX is numeric month 1-12.
VY day of munth
Z"year, b is blank
Time of day in form bXX,YY,ZZb
XX is har, YY is min, ZZ is sec

-TAPES LAELLE CO*"ON

All tape units, variable.names and contents are in
section 8.6

rRAC LABELLED 0X)M
Variable Description, Value, Units

M4SSIO(20) Real storage array for MISSION
data packet. See section 6.2.6

TRACK(IO0) Storage irray for the TRACK
_ _ _ data packet. See section 6.2.14

WEP LABILED COMI4

Variable Description, Value, Units

n W.APN(IO0,5) Storage array for the WEAPON
data nacket. See section 6.2.15.
The pcket # i3 stored in the same
column.
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8.4 Progra Modification Techniques

Section 6.4 is primarily concerned with instructing the programmer how, to make necessary

program changes without gitting too involved in the structure-of LOCATER. The following

problems are considered:

1. Increasing the length of the
measurements file.

2. Increasing thi lei.3th of tables:
RCS vs Aspect angle, Layered Meteorological
profile and multipath table.

3. Add more RADAR or WBAPW data packets.
4. AId new data packets or tables.
5. Change equations of motion.

8.4.1 Measurements File

The measurement file -length is currently set at a maxim m of 300 measurements. This

includes all measurements from all radars tracking the weapon.

To change the length to N measurements the following changes are necessary:

1. Variable IIR4 must be set to N in routine
INITAL (line 147).

2. The first dimension of arrays RMEAS W
RSED in CM/?EAS/ must be changed to
RMEAS(NA4) and RSED(N,4) respctively.
If the program run mode is +2 (external
trajectory input) the arra-STORE
in routine BRLIN must be dimensioned
STORE(N,S). (line 12).

If the maximum number of measurements
is exceeded, LOCATER will print an
appropriate error message.

8.4.2 RCS vs. Aspect Angle Table

The Radar cross section vs. aspect angle table is stored in array RCSTAB located in

labelled common/RCSS/.

The limits are 5 tables with a maximn of 99 -values per table. To increase the number of

tables:

1. Change the variable JDIMA(ll) to the
maximum nuter of tables in routine
BLOCK DATA INIT.

2. Change the third dimension of RCSTAB
to the maximum number of tables.

To change the length of the table to M entries

1. Change the first dimension of array
RCSTAB to W+.

2. Change the variable JDIMA(Il) to M+Iin BLOCK DATA INIT.
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8.4.3 Layered ?teorological Profile

The layered meteorological profile is stored in array NWAL located in labelled

common BLOCK/WT/. The current table limits are S tables with a maximum of 39 layers for each

table. 7b increase the number of tables.

I. Change the variable KM.T to the number
of tables by an assignment statement
In routine INrrAL. (line SO)

2. Chn ge the third dimension of array M.VAL
to tenueroftables.

Tb increase the size of the table to N layers:

1, Oange variable IDWf' to f41l by an assigment
statement in routine WITAL. (line 48).

2. Change the first dimension of array MI3VAL
to M+.

F or each layer 6 item are required. They are:

1. Height (meters) of temperature and
densit.

2. T erature (deg KelVin)
3. mm3,* easty wind mm c 'qnn (m/s)
4 leight (Mters) of windS. .Fast wind coment (#/s)

6. North wind component 0n0).

To add an additional item:

1. Increase variable JlMT' in routine
INITAL (linu 49) to the number of
values for each layer.

2. Change the second dimension of array
?.EI'WAL to the ntber of values for each
layer.

3. Change the variable format card to
read the required nimber of items.

g.4.4 Multipith TAble :

The multip.th table relates unerrored elevation to errored elevation measurements.

This table is stored in array UJLrAB located in labelled conm on/JL/ and is currently limited

at 99 entries. To ircrease the table length to M entries:

1. Change variable IIMRJ to M+1 by an
assignment statement in routine INITAt.
(line 228).

2. Change the first dimension of array
MULTAB to M+Il.

8.4.5 Number of Weapon and Radar Packets

The WEAPON data packet is stored in array WEPM located in labelled coamoh

block/WEP/. The second dimension of array WEAPCZN refers to the maximum nitber of WEAPVN
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packets. Th Increase the ntimber of packets toM.

1. Change the sefcond dimens ion of arrayA
WA" to M.4

2. Oiang variable JW)PA(14) to A by
a data statement in B1AQK DATA INN.

The RADAR data packet Is stored in array RAMAP located in labelled common /IW)/. Ilia

second dimension of array RAWA refers to theo mximmu ntuaher of~ RANA paickets while tho first

dimesio is he axim nw~er of arayo the radar model,* To increase the niumber of

1 Chnthe second nuaieso of arrayo o

byadata statemont In 13WCK DIWA INIT.

8.4.6 Jitatiotts of Motion l bdficatfix

The equations of motion used by LOCXV1R are defined in routine ACC1EL which is f low

charted in section 8.1.4 mnd describe, nuthematically in section 5S. Thie method of describing

the dynamics is to define the projectile's accelerations as a fumction, of positioni velocities

and atmospheric conditions and then using a modified prediction corrector algorithm (routine

I1fRAP) to extrapolate the present state.

Routine SITIMD defines the initial state vector array X, motooroloajical conditions and

integration constants. '11ie elements of X are

X(1 Tag time of state
X(2),X(3),X(4) Positions (meters)
X(5),X(6),X(7) Velocities (m/s)
X 11) Drag state Qivit/kg)
X(12) spin state (m/s)
X(i3) Elast wind component (111s)
X(14) North wind comnponent (mis).

x~ls.X(2) liement 13 and 14 are 0.0 for
layered type atmosphorics

XOSO(20) Unu1sed

The function of routine ACCI3L, is to coputo the accolerations aid stora then in array

4 locations X(8),X(9),X(i0).

At present the dynamics includos gravity, zero yaw drag with ani approximation for yaw,

coriolis, and lift accelerations in the medium of it standaird or layered type atmosphere.

To utilize additional states in the dynimIcs, one should consider to which typo of paicket

(Va'AI, RADAR or WRO1~) the parameters should be included with. Hrfr to section 8.3.4 for

unused parts of these storage arrays. The chango might be large onutih In scope to make a iiew

typ o dtapake ad c~uin. These parameters should then be made available in routineX

typoof dta pcketartdcowA



SfrfRND and put in the state vector array X in the unused array locations (IS to 20). Routine

ACCHL would then be ptodified to reflect the new dynmnic moel.

8.4.7 Nditloa of New Data Packets

MWE\rR at present will recognizo 16 typas of data packets. See section 8.3.1 for a

list. 1U.ch new packet will lnclde

.I. A PACKi Na., card with a packet ntunber.
2. List of mnneric ITINS delimited by two $.
3. An optional table preceded by a variable

fontt Card and followed by a blank card.

For an exumqple of a new data packet considor 3 different typos of earch m dels.

1. flat
2. sphorical
3. WGS-72 ellipsoidal model(3)

At present ouly tytpe 3 Is utilized by LOCNIMR.

Te following steps allow the recognition of the new packet by INcA111R,

1. Choose a utnique PAC(- WICE up to 10
alphantulieric cluiracters long. Li naple,

2. Increase variable NPACKS by I in routino
INITAL (line 46). Exmple, NPACKQ-17.

3. Tlake the first 4 lotters of the PACKM'r MMU
and add thie ibijorth l prentation
to the end of armay WO1S. Exalmple,

,\TA WO)S (17)/41 HIflAr/

4. lDcidc wiat, specific \variables should
be input for oach type of moel.

ILmunple - . c'del I

Item # Value and WNscriptionIt sigilfy ingk flat

Ixample -ode. 2

Item P Value and Description

1 2 signifyjng spherical
2 0 earth not rotating1 earth retating

3 radius of .mrth (m)

Item N Value and Doscription

1 3 sigifying ellipsoidal
2 0 earth not rotating

L. earth rotating
3 radius of earth at north pole
4 eccontricity1
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777777-f
S. Chose a unique array name, dimensions

and labeld coiw.n for the, storage A
of the data packet.$
Rxdmple. CCWWM)DIL/MPI3(10)
Hence- the data packet 'will be storedin array SIAPi3.

'6. Store the first dimension of the
array at the-end of array IDINK in
routine BLOCK DATA INIT and the second
dimension at the end of array JDIMA.
If the second dimension is nonexistant >
Example: DATA IDINA(17)/lO/ ,JDDMA(17)/l/.

7. If the nuntxir of data-packets is
greater than 20, change-the dimensions tY
of arrayiVORD, IDIMA and JDIMA to
the appropriate ntmter in labelled-
coirmntblock/LENGMh/

8. Decide on a default model or requireI
the user to specify a- model.
To choose a default model (say type 2)
with-the earth rotating 4
the following code should be implemented *

cmmn block/11I/.

CQGtO/MMLISAE (10)

SHAPE(l ).0
ILuIDIMA(17)
SHAP(II,)3.0

The last. line of code signifies that
3 variables were defined.

To require the user to specify anl
input packet, the following code
would be implemented "Y

Cct*/M43fL/SHAPE(l0)

IL'.IDIMA(17)
SHAPE(IL)uQ .0

This signifies that no variables
were defined and a packet must be input.

9. The following code would be
added to routine INP.

Pild a 17th branch (say label 260)
to the mu~ltiple GO TO at line 48.
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26,CWTINUE -
'CALL COPCHK (FME,SHAPE,NEJ4ERNU4,NNVAR)
-O TO30

This code assigns the values read by thef ~ f fomt reading routine to array SHAPE.

An example of an EAIflI data packet follows: I

EARTH- 01-
$ USE ELLIPSOID ODEL TYPE 3, THE
-,tAO,,IS4JATING' 1, THE RADIUS-
OF -THE NORflI'POLERADIUS--S63S6760
METES, ECCED('RCITY IS .68191 $

The Above example of adding a new dita Packet only considers the input of the vaibe, R

not what changes, are necessary to make them functional. F or example, the earth model type

would Affect gravitation, Coriolis acceleration and appropriate coordinate system

-trainsformations. 7)
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8. S LOCATIR lnput/output Units

The I/O of LOCATER is carried out by 20 units, most of which are scratch for the LOCATER

REPORT. For each unit i used by FORTRAN, the local file TAPEIi must be declared on the PROGRAM

2statement card. The labelled common block TAPES contain the variable nares for each unit.

The following table equates tape unit number with variable name and describes the

contents.

UNIT # VARIABLE DEFINING I
tNAME ROUTINE CONTENTS

1 KIN INITAL LOCATER data cards
2 KDAT INITAL Real or external data

if on tape
3 KrOP INITAL Digital topographic map
4 Scratch for MAXLIK

5 KCARD INITAL Systems input (card reader)
6 KOUT INITAL Systems printer
11 ITAPE(l) BLOCK DATA SECTION 1 of LOCATER output
12 ITAPH (2) BLOCK DATA SECTICN 2
13 ITAPE(3) BLOCK DATA SECTION 3
14 ITAPE(4) BLOCK DATA- SEClIN 4
17 ITAPE(5) BLOCK DATA SECTION 5
16 ITAPE(6) BLOCK DATA SECTION 6
17 ITAPE (7) BLOCK DATA SECO7
18 ITAPE(8) BLOCK DATA SECION 8
19 ITAPE(9) BLOCK DATA SECTION 9
22 KTAPE(2) BLOCK DATA SECTION 2 tape output
27 KIAPE(7) BLOCK DATA SECTICN 7 tape output
29 KTAPE(9) BLOCK DATA SECTION 9 tape output

Tape unit numbers 7-10, 20, 21, 23-26 and 28 are unused.

4-
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